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Introduction
A conceptual structural support design is required for the IOTA ring as depicted in Figure 1.   This design features a global concept using a standard girder length and similar stand/adjuster function.   The philosophy of this support system involves three tiers; a structural steel foundation, an 80/20 aluminum section for intermediate component support flexibility and the stand/adjuster system. 
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Figure 1: Plan view of IOTA Ring.   
Structural Design
The girder is a structural steel design which repurposes supporting stands acquired from Bates-MIT.  These supporting structures that are made from (2) 20-5/8” wide x 32-1/2” length x 1” thick plates, a 12” x 12” x ½” wall x 33” long square tube, (4) ½” thick 45 degree gussets applied top and bottom. Two different girder lengths are considered; 120” and 156” long design.   Each MIT stand is cut 18-3/8” from the bottom and (2) parallel 8” x 10” x 3/8” wall rectangular structural tube lengths are welded together along the 120” length, top and bottom at the center as shown in Figure 2.    
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Figure 2: Example of 120” section.  
The basic design from the ground up considers a floor variation of +/- ¼” and the application of Unisorb V-100 grout.  Actual grouting will wait until the components have been installed and aligned.   Each MIT stand will be initially attached to the floor using (4) ¾”-10 Hilti rod and a drop-in.  Above the Hilti rod, a leveling nut with washer will set the elevation (nominally 1-1/4” from the floor) of each MIT stand and a compensating nut and washer attachment exists on top of the plate with a slight applied torque to secure.  Slow motion measurement and testing will help to determine if each design may need some longitudinal give regarding thermal expansion and contraction of the girder.  In the case of the 120” long girder design, one end or connection to the floor will have float longitudinally.  The center MIT stand (post) would be fixed in the case of the 156” long girder (shown in Figure 3) with the ends able to move longitudinally.  This type of connection would possibly require an embedded plate (connection to the floor) and a bearing plate feature at the interface between this embedded plate and the bottom of each MIT stand.  The point is to reduce or eliminate any effect from girder bending during thermal cycling.  
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Figure 3: Example of 156” section. 
The next layer for this design involves the application of 80/20 aluminum sectional lengths which provide flexibility regarding component attachment along the girder.  The 30 and 60 deg. dipoles would be attached directly at the stand/adjuster to each girder.   The focusing quads could either be attached directly or have the intermediate 80/20 section connection.  Corrector magnets find their attachment through the 80/20 longitudinal sections and will be cantilevered past the girder when necessary.  
Support of Vacuum Components 

An important aspect of the support system involves providing space and flexibility for attachment of critical vacuum components such as ion pumps, beam (gate) valves, vacuum instrumentation, vacuum tube tees and crosses.  Table 1 below provides a summary of vacuum related components and parameters.  

Table 1:  Summary of vacuum components.
	Device
	Manufacturer
	Model
	Part Number
	Weight [lbs]

	Ion Pump
	Gamma
	45S
	
	45

	Gate Valve
	VAT
	Series 48 (all metal)
	48236-CE74-X
	15

	Cold Cathode Gauge
	
	
	104220028
	---

	Convection Gauge
	
	Series 317
	103170034SH
	---



The ions have heaters and NEG systems integrated onto the pump.  The VAT gate valves are pneumatic compact actuator, double acting, valve bakeable to 200 deg. C, with double position indicator 80 deg. C, with solenoid 110 V, radiation resistant hardware with no solid state.   The cold cathode sensor assembly has a CF 2.75" with BNC and SHV connectors. The Series 317 convection gauge assembly has a CF 2.75" which is bakeable to 250 degrees.  The pumpout crosses shown in Figure 4, roughly 16.75” flange to flange with 4 ½” flanges and length along beamline TBD. These can be oriented vertically or horizontally.

Table 2:  Summary of vacuum component quantity.
	Device
	Ring
	Transfer Line
	Electron Lens

	Ion Pump
	23
	3
	2 - 4

	Gate Valve
	0 - 2
	1
	2

	Cold Cathode Gauge
	4
	1
	2

	Convection Gauge
	2
	1
	1
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Figure 4: Pumpout cross example.  
Modal Analysis
The dynamics internal to cryomodule is also of concern during transport.  Modal shape and frequency are equally important. 

Cost Estimates
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