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US CMS HCAL
Wedge Traveler Document

Wedge #____

Date   ______
Fermi National Accelerator Laboratory

P.O. Box 500, Batavia, IL 60510

1.0
General Information

1.1 Travelers

In order to insure that all components fabricated, assembled and delivered to CERN for the CMS Detector will meet the necessary requirements, a number of tests and quality checks are performed on wedge assembly components prior to, during, and after the production phase.  The quality assurance plan described in this document is primarily intended to enhance communications between the vendor (Felguera Construccions Mechanicas, Asturias, Spain), and the customer/designer (Fermi National Accelerator Laboratoy, Batavia, IL. USA).  The improved communications  



This document is intended not only a check-off list of instructions for the creation of hadron barrel absorber wedges, but also as a means to track what materials were used to build the wedges and/or any strange occurrences during manufacture and assembly.  As such, this document has been assigned a wedge serial number (upper right hand corner of every page), and SHOULD BE KEPT WITH THE ASSOCIATED WEDGE.  Travelers are meant to ‘travel’.  If the wedge plates or assembly travel from one building to another, so should this document.



Only if everything goes perfectly should this document consist of a simple list of sign-offs and dates.  You should feel free to write comments or unusual occurrences in the margins, and to suggest improvements to this document.



After describing some of the organizational structure and responsibilities, this document is divided into three separate sections, raw material documentation, fabrication documentation, and assembly documentation.  

1.2 CMS Wedge Absorber Representatives

Below is a call list of FNAL representatives that should be informed of difficulties and can assist in clearing up problems that arise during the fabrication and assembly of the barrel wedges.  If instructed to consult or inform an FNAL representative in this document, you should contact one of the above people for clarification and/or signatures.


Igor Churin (Engineering/QA)

churin@fnal.gov

Jim Freeman (Engineering/QA)

freeman@fnal.gov

Mark Reichanadter (Engineering/QA)
reich@fnal.gov

Nelson Sample (Contracts)


sample@fnal.gov
All documentation can be faxed to the US CMS Office at (630) 840-2194.

Below is a call list of Felguera representatives that are responsible for  be informed of difficulties and can assist in clearing up problems that arise during the fabrication and assembly of the barrel wedges.

Additionally, it is recognized as essential to delivery of a quality product that a single contact person at Felguera oversee all fabrication and assembly steps required in the production of the HB wedges.

1.3 Raw Material Documentation

1.3.1 CuZn30 (Cartridge Brass) Plates 

Vendor: Non-Ferrous Metals – Sofia, Bulgaria

A copper alloy material (~70%Copper, ~30%Zinc), commonly known as ‘Cartridge Brass’ is used to make up the 29 absorber plates used in an HB wedge.  These plates, shown in Figure 1, are all individually bolted and keyed together, and sandwiched between an inner SST plate and on outer SST plate.

1. Processing of brass plates.  How is this done?  Continuous Casting (need met sheets and samples continuously), or Heats/Batches (need met sheets and samples for each heat/batch)?

2. What sizes does Felguera order?

3. Why are there differences in the thickness of plates?  Why so many heat #’s?  What does pos# mean?
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4. How do we measure the thicknesses?  What is the minimum thickness/width/length?

5. Who checks this (Felguera rep or NFM rep)?

6. Documentation of flatness and thicknesses is generated by who and kept by whom? 

7. Metallurgical analysis of each lot (~18) will be provided by the foundry to FNAL.

8. Tension tests to failure will be performed on 3 coupon samples by Felguera on each lot.  Provide Stress Strain Curve for each test.  Need to provide dimensions for coupons.  Try to put all three curves on the same page (helps to show uniformity)

1.2.2 304 Stainless Steel Plates

Vendor: To be determined

9. Need met sheets on stainless from foundry.

10. What sizes does Felguera order?

11. How do we measure the thicknesses?  What is the minimum thickness/width/length?

12. Who checks this (Felguera rep or vendor rep)?

13. Documentation of flatness and thicknesses is generated by who and kept by whom?

14. Metallurgical analysis of each lot (~18) will be provided by the foundry to FNAL.

15. Tension tests to failure will be performed on 3 coupon samples by Felguera on each lot. Provide Stress Strain Curve for each test.  Need to provide dimensions for coupons.  Try to put all three curves on the same page (helps to show uniformity)

Miscellaneous Material (Keys, Bolts, Screws, etc.)

Multiple Vendors

For the ~72,000 wedge assembly bolts, metallurgical analyses are required from each lot.  Tension tests to failure will be performed on selected bolts (~3) by Felguera on each lot.

All remaining materials will have standard documentation and compatibility checks only.

Fabrication of Individual Absorber Plates (Dwg#CMSHBPPP01)

Vendor: Felguera Construcciones Mecanicas – Oviedo, Spain
· Each absorber plate is numbered with an identifying code.

· Each plate has a separate dimensioned drawing, thus preventing confusion during fabrication.

· Each plate will be measured for thickness and “rough” length and width.

· Each plate’s thickness is recorded using a micrometer around the perimeter after the milling task is complete.

· All absorber plates have individual tolerance specifications.  Additionally, brass plates #10, #21, and #29 are machined to final thickness based on the “as built” assembled plates, #1 thru #9,  #11 thru #20, and #22 thru #28, respectively.  Finally, the stainless steel inner plate has a final machine “clean up” pass to bring the assembled wedge within the final tolerance.

· After machining, the plates are cleaned, degreased, and inspected (with particular attention to the scintillator slots).

Assembly of Absorber Plates into Wedges (Dwg#CMSHB01)

Vendor: Felguera Construcciones Mecanicas – Oviedo, Spain

· Complete set of assembly drawings, with details of each assembly step and allowed tolerances, are present at Felguera.

· All measurements made during wedge assembly are checked and supervised by the supervising engineer.

· Assembly begins with the Outer Stainless Plate.  Bolt plate to assembly table/fixture.

· Brass absorber plates are bolted together (center-out torquing procedure) in their relative order, checking flatness in the assembly after each plate.  Shims are added to maintain overall orientation of wedge and compensate for stacking tolerances.

· “Dummy scintillator” gauges are inserted to confirm that the wedge slots have acceptable height/width clearance.

· Stack height through plate #9 (#20, #29) is measured and plate #10, (#21, 29) is cut to compensate for stacking tolerance (see Step 5 from previous section).

· Load bolts are used on selected plates to record and measure the assembly preload and gravity loads.

· Final machining of the assembled wedge to bring overall height, width and length, into tolerance.  Only water-based cutting fluids are acceptable.

· Machined reference holes (8/wedge) are added to serve as fiducials during barrel assembly.

· Finished wedge is again cleaned with water-soluble cleanser.

· 0.5mm thick aluminum “skins” are epoxied to the phi and 90 degree sides of the assembled wedge to prevent the scintillator tiles from falling out of the wedge slot.

Verification/Testing of Wedge Assemblies 

Vendor: Felguera Construcciones Mecanicas – Oviedo, Spain

· Completed wedges are surveyed and final dimensions recorded by FNAL (or its representatives).

· Scintillator slots are tested again on the completed wedge.

· Structural integrity of each component is tested with a simple load testing device for;

· Confirmation of the FEA analysis and verification of the wedges structural integrity, checking deflections (surveying method) and stresses (load bolts).

· Comparison of each wedge to the expected deflection and stress benchmark standards (PPP1 or the statistical mean).

· Confirmation that the appropriate preload is applied to the wedge bolts.

· Confirmation of the overall deflection of the wedge satisfies the present loading strategy within the vacuum tank.

· Confirmation that once assembled under a gravity load in the vacuum tank the wedge slots have sufficient clearance so that no deformation of the scintillator tiles will occur.


Assembly of Wedges into a Half-Barrel  

Vendor: Felguera Construcciones Mecanicas – Oviedo, Spain

· Survey data on assembled wedges is reviewed to determine the best fit for 

the assembly of the half-barrel.  The orientation of each wedge will be recorded.

· As each wedge is installed into the half-barrel structure, the assembly is surveyed to insure proper orientation of the wedges.  Shim stock may be added to correct any misalignments.

· As-built surveying data will be recorded for the assembled half-barrel.

Note:
The wedges will be assembled into a half-barrel using a barrel cradle, which will support the entire weight of the completed half-barrel.  Associated tooling necessary to assemble the half-barrel are; (1) a lifting fixture, used to lift, rotate, and install the wedges, (2)two barrel spiders, used to maintain correct inner diameter during assembly, and (3) a spreader bar, used to spread the barrel slightly for insertion of the final wedge.  All of these items design considerations are discussed in section 4.  All tooling and assembly components intended to be used at CERN will undergo a similar quality assurance review.

Transportation of wedges from Felguera to CERN

Vendor: Felguera Construcciones Mecanicas – Oviedo, Spain

· During transit, all wedges will be instrumented with accelerometers to verify the applied loads during shipping and handling.
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