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Introduction


Technical Division / Engineering and Fabrication Department has incorporated a revision to the Tevatron Spool Correction Element Feedthrough Design, as proposed by Alex Chen of the Beams Division / Mechanical Support Department. The Chen design is discussed in Alex's paper, "Reports on Torlon Power Feedthrough of Tevatron Spool Retrofit," as a replacement for the problematic ceramic feedthroughs of the original design.


The Chen design was incorporated by Alexander Makarov and John Carson of the Technical Division / Engineering and Fabrication Department. Since this design requires the modification of a spool single-phase helium vessel, Jeff Brandt was asked by Victor Yarba to evaluate the pressure and safety issues involved. This document is a record of that evaluation.


During the evaluation, the principles of the ASME Boiler And Pressure Vessel Code, Section VIII, Division 1 were applied, as well as the principles of the Fermilab ES&H Manual, Section 5031 for Pressure Vessels. Allowable stresses were taken from the ASME Code material specifications in Subsection C. ANSYS finite element analysis was performed on the top plate of the correction element feedthrough tube.


One of the anticipated benefits of the Chen design was that the existing top plate of the feedthrough tube would not need to be removed. Experience in Technical Division shows that the top plate does need to be removed in order to perform the retrofit. The stiffness of the wires prevents them from being easily raised into soldering position through the existing plate.


It should be emphasized that the only cutting and welding of the existing spool single-phase system occurred at the extreme end of the correction element feedthrough tube. The maximum pressure rating of all spool single-phase systems is determined by components of the single-phase box internal to the main spool volume. Those components were not touched, or even seen, during the course of these modifications.

Current Pressure Ratings


As reported by Tom Nicol in his March 18, 1999 documentation of Tevatron recooler spool modifications, in the early development days of the Tevatron, the design of spools did not adhere to the requirements of the ASME Code. Since then, much work has been done to document those early designs through analysis and testing. All Tevatron spools are proof tested to 75 psi at room temperature as part of the final assembly qualification. 


A paper by J.C. Theilacker, B.L. Norris, and W.M. Soyars entitled "Tevatron Quench Pressure Measurement," documents a series of tests that measured quench pressure in various Fermilab cryogenic devices, at energies up to 1000 GeV. The paper states that "A rectangular box in the spool piece that houses the quench stopper has been identified as the weakest component, yielding at a pressure of 1.45 MPa (210 psia) near liquid helium temperatures."


The tests showed that a peak pressure of 1.24 MPa (180 psia) was developed, measured at 1000 GeV. At energies of 900 GeV and above, the peak was reached in around 280 ms and dissipated as quickly. Based on this evidence of actual peak pressure experienced by a Tevatron spool, all spool single-phase analysis was based on an internal pressure of 180 psia.

Top Plate Comparison


The existing top plate assembly of the feedthrough tube is shown on Fermilab drawing

1620-MA-125107. This assembly consists of twelve ceramics, and a plate 1620-MB-125086. The plate is made of 304 stainless steel, and is 3.750 in diameter by 0.125 in thick.


The new top plate assembly is shown on Fermilab drawing 5520-MA-351855. This assembly consists of twelve stainless steel fittings, and a plate 5520-MA-351856. The plate is made of 304 stainless steel, and is 3.700 in diameter by 0.188 in thick.


Both top plates have a reduced diameter area to fit into the 3.625 in diameter of the feedthrough tube flange adapter, shown on drawing 1620-MB-125087 A. The reduced diameter of the new top plate has a chamfer which corresponds to the angle of the feedthrough tube flange adapter.


The minimum tensile strength for 304 stainless steel is 75,000 psi, with a minimum yield strength of 30,000 psi. ANSYS finite element analysis has been done on both top plates to compare the stresses and deflections of the plates during a high-energy quench. All ANSYS analysis is based on a Modulus of Elasticity of 28,000,000 psi, and a Poisson's Ratio of 0.27.


The results of the ANSYS analysis are shown in Figures 1 and 2. The maximum von Mises stress in the original top plate is 38,411 psi, with a maximum deflection of 0.0080 in. The maximum von Mises stress in the new top plate is 17,346 psi, with a maximum deflection of 0.0024 in. The new design shows more than a factor of two reduction in peak stress, and more than a factor of three reduction in deflection.
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Figure 1: Original Top Plate, 1620-MB-125086
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Figure 2: New Top Plate, 5520-MA-351856

The weld design to the feedthrough tube is slightly different for the two plates. The original design specifies a single-welded butt joint, while the new design specifies a single-welded fillet joint. Both welds are sized to equal the wall thickness of the feedthrough tube.


ASME Code design practice applies a joint efficiency factor which reduces the allowable stress for a design based on the weld type, and the degree of radiographic examination of the weld. The joint efficiency factor for the original design is 0.60, and for the new design is 0.45, assuming no radiographic examination for either design.

Top Plate ASME Code Analysis


In addition to the above comparison, the requirements for a top plate as specified by ASME Code has been investigated. The top plate is considered by ASME definition as an unstayed flat cover. The top plate was analyzed according to the principles of these ASME Code sections:


Part UG-34

Unstayed Flat Heads and Covers


Part UG-27

Thickness of Shells Under Internal Pressure


Part UW


Requirements for Pressure Vessels Fabricated by Welding


Table UHA-23
Maximum Allowable Stress Values in Tension for High Alloy Steel


According to Part UG-34(c)(2) and Figure UG-34(h), the required thickness of the top plate can be calculated, provided the thickness of the shell it welds to meets the following requirement:
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According to Part UG-27(c)(1), the required thickness of the shell for circumferential stress can be calculated, if the following requirements are met:
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= minimum required thickness of shell, in
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= maximum allowable working pressure, psi
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 = 180 psi per Reference [4]
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 = 1.812 in per drawing 1620-MB-125087 A
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 = 16,000 psi per Table UHA-23 for 304 stainless tube,







derated by 0.8 per the Fermilab ES&H Manual (Article 5031TA-2)
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According to Part UG-27(c)(2), the required thickness of the shell for longitudinal stress can be calculated, if the following requirements are met:
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Returning to Part UG-34(c)(2) and Figure UG-34(h), the required thickness of the top plate can now be calculated:
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= minimum required thickness of flat cover, in
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= inside diameter of shell per Figure UG-34(h), in
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 = 3.625 in per drawing 1620-MB-125087 A
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= attachment factor, dimensionless
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= 0.33 per Figure UG-34(h)
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= maximum allowable working pressure, psi
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= maximum allowable stress value, psi
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derated by 0.8 per the Fermilab ES&H Manual (Article 5031TA-2)
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= joint efficiency factor, dimensionless
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Based on these ASME Code calculations, the top plate thickness should be 0.375 in, or the weld changed to a single-welded butt joint (E = 0.60, t = 0.294 in) with a 0.312 in plate thickness.

Summary


Based on the existing operating history of Tevatron spools and the analyses and testing programs undertaken during the course of this history, the above analysis shows that the integrity of spools subject to the modifications described is not compromised.


The Technical Division adoption of the Alex Chen Tevatron Spool Correction Element Feedthrough Design results in a significant reduction of top plate stress and deflection, as compared to the original design. If desired, a change in top plate thickness would result in full compliance with ASME Pressure Vessel Code and Fermilab ES&H Safety Manual requirements.
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