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Introduction
[bookmark: _GoBack]The original cryomodule girder design was conceived by INFN Milan and used at DESY for XFEL.  This design was later modified slightly to accommodate using available English structure steel shapes and standard AISC sections1 while maintaining important metric standard features such as feed/end cap interface hole placement.  The modified version of the DESY girder design was applied at New Muon Lab (NML) regarding support for both Cryomodules; CM1 and CM22 using feed/end caps manufactured by Cryotherm.
As cavity accelerating gradient increase, these components become more susceptible to surrounding stray magnetic fields while passing through the critical temperature range during cool-down.  The phenomenon regarding a significant decrease in niobium superconducting radio frequency (SRF) cavity quality factor Q0 at low accelerating fields is well-known.  A sudden cool-down (< 1 hour from room temperature to 4.2 K) has in the past helped this issue.  Increased cavity surface resistance, caused by the precipitation of the dissolved hydrogen as lost hydrides at the RF surface at temperatures 100-150 K is thought to be the reason and known as "hydrogen Q-disease."  If stray magnetic fields are present, there is an additional effect or increase in Q-disease3.   
Our current working assumption in order to achieve a quality factor (Q0) of G/10 nanoOhms, which is equal to 2.7 x 1010 an ambient magnetic field of 5 milliGauss or less, average over the RF surface of the cavities is required4.  Stray magnetic fields external to the cryomodule may be than the assumed average however these possible Q-disease contributions must be minimized.  There are two ways to approach the stray field issue (or minimize the effect); provide magnetic shielding or eliminate the source(s).  Each of these girders consisted of common structural steel found either in Europe (used by DESY) or within the USA (applied here at Fermilab).  The chosen approach involved changing the original girder material specification from A36 structural steel to 316L stainless steel.  This change also applies to any hardware used within the design, especially near the cryomodule.   Structural steel hardware (such as critical girder and Hilti bolt connections) used with the original design have been retained in the CMTS-1 girder design.  These components are far enough from the cavity string to prevent stray field exposure.  
Other modifications to the girder are needed in order support both the 1.3 GHz and 3.9 GHz cryomodules, as shortening the girder length will accommodate both cryomodule designs within the CMTS-1 cave.    
From the modification made to the original DESY design, three general ones were implemented2:
· The two wide flanges metric size beams were replaced with the W24 (AISC section) beams.
· (4) 5/8” reinforcing plates were added to each section
· The bottom plate hole locations were modified (enlarged) to accept the recommended spacing for Hilti HVA adhesive anchoring system
Further modifications made for CMTS-1 application:
· The two wide flanged W24 x 131 (AISC section) beams were replaced with (4) stacked W12 x 50 316L stainless steel beams
· The four 5/8” reinforcing plates were replaced by (2) 5/8” x 30” x 140” 316L SS plates (placed above and below the new W12 x 50 beams)
· The two W16 x 89 beams were replaced with (2) pseudo W16 beams (possessing 1.5” thick web and flanges)
· Minimized number of welds in the design to reduce the possibility of stray magnetic fields
· Replaced Cross Tie Bar with a larger W-beam used within the Base Assembly Support design, and bearing plate as a shim
· The Base Assembly is attached via a bolted connection, instead of as a weldment
· Modified hole patterns were needed to accommodate the new design
Allowable Stress
The CMTS-1 structural design is made entirely of 316L stainless steel.  The 316L stainless steel girder meets the AISC Manual of Steel Construction requirements for Allowable Stress Design.  The maximum primary stress shall be beneath 0.6Fy = 16.6 Ksi (in bending), 0.4Fy = 11 Ksi (in shear), where the Tensile Yield Strength (Fy) of 316L stainless steel is 27.6 Ksi5.
Geometry and Loading
The basic structure consists of four horizontal wide flanged W12x50 beams, containing two vertically stacked sets of two and welded together.  Roughly, 122” from the feed cap end there is a vacuum vessel support with a hole-pattern to receive the Base Assembly Support (details shown in Dwg # F10030899) and bears one half of the cryomodule weight; 8,130 lbf.   At the other end, the two top and bottom W-beam flanges are coped to accept two top and bottom plates which are welded to the webs of the two horizontal beams.  Between these two top and bottom plates, there are two vertical gusset plates used to compensate for the moment produced by the vacuum load, a 25,080 lbf reaction (shown in Appendix A, page A-1).  Then, at the same end, on top, the top plate the triangle gussets are welded directly above the two plates. Two pseudo W16 beams (possessing 1.5” thick web and flanges) support the cryomodule end plate and is attached to the end assembly described above.  The Feedcap and Endcap girders are essentially identical in terms of the structural integrity, therefore only one analysis is considered.  
Note that the Endcap Girder was chosen for the analysis as the worst case.  The endcap itself is provided by BARC and a total weight for this component (bellows, plates and piping included) is 2150 lbf.   Our solid model already considers the endcap plate (769.4 lbf).  Therefore, an additional downward load of 1380.6 lbf (2150 lbf – 769.4 lbf) and associated moment of 55,126 lbf-in due to the weight of the connected endcap assembly.  The moment is created from the additional downward load acting from 1 m (39.93 in.) away.  Other loads considered in the model include; an axial load of 162 lbf and lateral load of 672 lbf resulting from the cryogenic feed-line connected6.  
Finite Element Analysis
	The finite element model (shown in Figure 1) was developed from the solid model used to generate the fabrication drawings.   ANSYS Workbench 15 was implemented in order to consider CMTS-1 girder reaction loads, stresses and deflections.  
[image: C:\Master Work Projects\LCLS II Project\CMTS Work Fall 2014\CMTS1 Girder Report Package 2015\FEA Results 9 Feb 2015\Mesh_Feb_2015.jpg]
Figure 1: Finite element (FE) model for the CMTS-1 girder (Feed Cap End).

Loading was simulated by applying nodal forces to the cryomodule end plate and the tie cross bar (or bearing plate) as shown in Figure 2.  The girder is fixed at both ends, where the floor bolt patterns exist and there is a frictionless constraint defined along each bearing surface (also given in Figure 2). 
[image: C:\Master Work Projects\LCLS II Project\CMTS Work Fall 2014\CMTS1 Girder Report Package 2015\FEA Results 9 Feb 2015\Forces_Moments_Feb_2015.jpg]
Figure 2: Cryomodule weight, vacuum load, gravity and constraints defined in Feed Cap Model.
Results
It was mentioned earlier that the results are shown in terms of the endcap side.  However, the longitudinal deflection (to be used for further calculations regarding the cryogenic connection) is shown in Figure 3 in terms of the feed cap girder.  Minimizing the deflection was not a requirement for this CMTS-1 girder design as it had been regarding the cryomodule girder for NML1.  Therefore, the maximum estimated deflection of 0.034” was acceptable.  The feed cap plate deflection of 0.023” (at the cryogenic transfer line) was based on girder and feed cap displacement and no stiffness from the transfer line was considered.  
[image: C:\Master Work Projects\LCLS II Project\CMTS Work Fall 2014\CMTS1 Girder Report Package 2015\FEA Results 9 Feb 2015\Long_Deflec_Feb_2015.jpg]
Figure 3: Longitudinal deflection (along z-axis) showing feed cap plate deflection.
	Figure 4 provides the stress intensity within the CMTS-1 girder with the bearing plate included.  The maximum stress intensity for the model was 11.3 Ksi in terms of bending at the gusseted area near the connection between the horizontal girder and vertical support members.   
[image: C:\Master Work Projects\LCLS II Project\CMTS Work Fall 2014\CMTS1 Girder Report Package 2015\FEA Results 9 Feb 2015\Stress_Intensity_Feb_2015.jpg]
Figure 4: Stress Intensity for the FE model with bearing plate.  
Detailed Analysis
Welds and bolted connections were analyzed by extracting nodal forces and moments from the finite element model at the weld and bolted locations.  The connection calculations are provided in Appendix A. 

Summary
	The CMTS-1 girder design analyzed in this report met the AISC Allowable Stress Design requirements.  The maximum stress intensity within the girder estimated by using ANSYS was roughly 11.3 Ksi (in bending) and the allowable stresses were 16.6 Ksi (for bending) and 11 Ksi (for shear)1.  Appendix A provided the welded and bolted connection calculations as each weld met the “Design of Weldments” criteria7.  Finally, the CMTS-1 girder-to-floor connections were considered as the Hilti Technical Guide was applied8,9.  The allowable loading/stress was met in each case of fastener application.
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