Response to Questions
Prior to Review June 5, 2008

M. Gilchriese

Tube Radiation Length


The numbers in the ATLAS draft note and in the presentation are primarily for aluminum tubes. One can estimate the additional radiation length for stainless and CuNi from the graph below, choosing the appropriate wall thickness for each material. The plot shows the contribution (for single U-tube) from the tube material of the IDs given. A simple assumption is that SS wall thickness is about ½ aluminum wall thickness.
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Expand on Development Plan and Key Issues


The critical development issues are (1) choice of coolant; (2) choice o f coolant tube material; (3) module attachment, survey and test interface; and (4) combined design with support structure. The choice of coolant is clearly a principal design driver and no need to elaborate on this. The choice of coolant tube material is also critical. Aluminum is clearly preferred from a radiation length and ease of handling perspective. However, a significant and lengthy study of corrosion, including contact-induced corrosion with carbon foam or carbon fiber is mandatory for aluminum tubes. The corrosion issue would have to be addressed for other tube types (stainless, CuNi) as well. The interfaces for module attachment (including tooling that interfaces with the stave), any wire  bonding directly to the stave, end-of-stave card support, handling, thermal cycling and electrical testing would all have to be worked out. This is a straightforward but lengthy process and would obviously require significant prototypes to be made. The combined design with the support structure to minimize the overall material whilst meeting the stability and other requirements I believe has less inherent risk than items (2) and (3) and could proceed largely in parallel once the coolant choice (and therefore approximate tube size chosen) is made.
Clarify why 4 m stave not possible (Tyndel  May 27)


Conclusion that 4 m stave should be excluded is opinion.  Although large enough equipment probably exists somewhere within industry, the 4 m length substantially exceeds autoclave and survey capability at, for example, LBNL.  Making 4 m–long precision structures (tooling) also not easy. Such tooling would be needed to precisely locate attachment points to stave and survey references. Shipping 4 m + objects also exceeds the straightforward air shipment limit of about 10 feet. Handling 4 m object for wire bonding would be difficult at best.

Impact of equal-length barrels of length ( 2.4m (Perrin presentation May 29 and email)


If the stave length is ( 1.2 m, no appreciable impact is foreseen. The issue of making ( 2 m staves was addressed briefly in the review presentation. Is ( 2.4 m appreciably different than ( 2 m? A quantitative answer cannot be easily given. It would be possible to fabricate ( 2.4 m using equipment known to me and to survey the bare stave at this length. Survey of the modules on the stave would certainly become more difficult e.g. if the optical survey surface were limited to ( 1 m. Multiple indexing steps would have to be used in this case. The costly solution would be to buy a larger optical survey instrument (this could also apply in the 2 m case). The issue of obtaining pipe extrusions of small diameter of length > 5 m has not been addressed by me (and this applies also to the 2 m case). The fallback solution would be to use straight through pipes and couple them externally instead of a U-tube.

Shear stress from temperature changes (verbal exchange)


This is address somewhat in the backup note. The calculations are based on the formulae in http://www.research.ibm.com/journal/rd/232/ibmrd2302I.pdf
The formula for the shear stress in the glue between two elastic layers is taken from the paper and is [image: image2.emf]
The thermal expansion coefficients (() are for foam and aluminum, T is the temperature difference, G is the shear modulus of the glue, x is the distance from the neutral point and ( is the glue thickness.
Here are representative values

	Foam
	
	
	
	

	E
	2.50E+05
	psi
	1724
	MPa

	G
	100000
	psi
	689
	MPa

	alpha
	4
	ppm
	per C
	

	Thickness
	0.15748
	inches
	4
	mm

	Aluminum
	
	
	

	E
	1.00E+07
	psi
	68948
	Mpa

	G
	4000000
	psi
	27579
	Mpa

	alpha
	23
	ppm
	per C
	

	Thickness
	0.012
	inches
	0.3048
	mm

	Glue
	
	
	
	

	E
	17000
	psi
	117
	Mpa

	Poisson
	0.45
	
	
	

	G
	5862
	psi
	40
	Mpa

	Thickness
	0.003937
	inches
	0.1
	mm


The maximum shear stress is thus about 240 psi for these values for a 60C temperature change.

The ( is such that the maximum is independent of the length for anything of interest. All of the shear stress is in the last few mm of the object as can be seen in the plot below.
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