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FERMILAB
AD/Cryogenic Department

April 28, 2009
To:
H. Carter
From:
J. Theilacker for the 3.9 GHz Cryomodule ORC Review Committee
Subject:
Review of the 3.9 GHz Cryomodule ORC Documentation
We have gone through the reply to our initial comments on the documentation for the 3.9 GHz Cryomodule Operational Readiness Clearance. Please see the enclosed table for the status of each item.

16 April 2009 

Responses and documentation status have been added to the following table of reviewers’ comments.  

Tom Peterson, Harry Carter, Elvin Harms 

11 May 2009 

Second set of responses added, in green. 

Tom Peterson 

	No.
	Location
	Comment
	Resolution
	Panel
Response

	1
	3.9 GHz Cryostat Pressure Specification
	This document should become an overall project specification, not just a pressure specification.
	We have combined this cryostat specification document with “ACC39 Introduction and Parameters” (Elvin’s and Helen’s introductory document) to create an overall specification. 
	 FORMCHECKBOX 

Accept

	2
	3.9 GHz Cryostat Pressure Specification
	Add x, y and z g load specification and reference the Cryomodule Shipping Specification.
	G-forces from the “Cryomodule shipping specification” have been added to the combined specification document.   
	 FORMCHECKBOX 

Accept

	3
	3.9 GHz Cryomodule Hazard/Risk Analysis
	A section on forces should be added to the mechanical category (3.3) This section should show the results of AAC39 Piping Mechanical Loads and should reference the document.
	3.3.4 references the piping mechanical loads and the Piping Mechanical Loads document.  (Was there already, so maybe I do not understand the request.)  
	 FORMCHECKBOX 

Accept

	4
	3.9 GHz Cryomodule Hazard/Risk Analysis
	Table 1: The latent heat of helium at the relieving pressure of 1.7 bar is 15.1 J/g.
	The energy per gram ejected is 21.2 J/g due to a significant mass of vapor being left behind in the volume formerly occupied by liquid.  So 20 J/g is conservatively small.
	 FORMCHECKBOX 

Accept

	5
	3.9 GHz Cryomodule Hazard/Risk Analysis
	Table 1: Reference the Lehmann and Zahn paper for the heat flux values.
	Done
	 FORMCHECKBOX 

Accept

	6
	3.9 GHz Cryomodule Hazard/Risk Analysis
	The FLASH and CMTB feed and end cans do not have vacuum reliefs as described. Change wording to reflect the actual arrangement, which is a vacuum relief on ACC1 in FLASH and DESY will need to add a vacuum relief specially for ACC39 for testing in CMTB.
	 Done
	 FORMCHECKBOX 

Accept

	7
	3.9 GHz Cryomodule Hazard/Risk Analysis
	Remove the stored energy section, since it is misleading and adds no value.
	Done
	 FORMCHECKBOX 

Accept


	8
	3.9 GHz Cryomodule Hazard/Risk Analysis
	Add hazard associated with FLASH burning a hole in a cavity. Mitigation will be the FLASH beam safety systems and beam vacuum relieving.
	Done
	 FORMCHECKBOX 

Accept

	9
	3.9 GHz Cryomodule Hazard/Risk Analysis
	Add section for beam vacuum relieving.
	We have 3.3.5 which just refers to the DESY system for beam vacuum relieving.  Table 1 provides the incremental flow from ACC39 for loss of beam vacuum.   
	 FORMCHECKBOX 

Accept

	10
	3.9 GHz Cryomodule Hazard/Risk Analysis
	Additional hazard due to abnormal configuration. Add a section pointing out the exposure of two power couplers on the aisle side of FLASH. Suggest a mitigation strategy.
	We added section 3.3.7 under mechanical hazards describing the issue of non-standard input coupler position.  DESY was made aware of this issue in our discussion and will provide protection.  
	 FORMCHECKBOX 

Accept

	11
	3.9 GHz Cryomodule Hazard/Risk Analysis
	Reword these sentences: “FLASH installation will not be over-pressurized in the event of a failure of any of the ACC39 pressure containing components. The hazards associated with the installation and operation of ACC39 are actually less than those associated with the operation of a 1,3 GHz cryomodule ….” To better describe the justification for the statement. DESY personnel stated that the relieving “unit” was designed for up to ten 1.3 GHz cryomodules. One of these relief units will be used to protect ACC1 and ACC39.
	 The sentences quoted in this comment were replaced with one sentence which we think better summarizes the situation:  “Failure of any of the ACC39 pressure containing components will add only a small increment of additional flow and pressure to the system relative to the other cryomodules, the total remaining well within the capacity of the system, which is up to ten 1.3 GHz cryomodules.”  
	 FORMCHECKBOX 

Accept

	12
	ACC39 Interface Specification
	Add specifications for the interconnect bellows to this document, since it influences the axial forces. 
	References are included to the vacuum bellows and internal piping bellows information, which are covered in the piping mechanical loads document and vacuum bellows document.  (See references, pg. 40.)  
	 FORMCHECKBOX 

Accept

	13
	ACC39 Interface Specification
	Page 4, top ¶: “to the to the” should be “to the”
“It is design” should be “It is designed”
	Done
	 FORMCHECKBOX 

Accept

	14
	ACC39 Interface Specification
	Page 6, 3. Beamline: 50 mbar should be clarified as a gauge pressure.
	Done
	 FORMCHECKBOX 

Accept

	15
	ACC39 Interface Specification
	Figure 3.2: Add VAT valve model number for completeness.
	Done
	 FORMCHECKBOX 

Accept

	16
	ACC39 Interface Specification
	Table 8.1: Add actual pipe interface variances following survey for at least x and y. Since the pipes are being supplied long, z variances may not have any meaning. Add them to pipes which will not be cut at DESY or if it is felt that actual flange z locations are useful for CMTB.
	As-built pipe positions are included, pg 22, tables 8.4 and 8.5.  
	 FORMCHECKBOX 

Accept

	17
	ACC39 Interface Specification
	Page 18: “taken for the model” should be “taken from the model”


	Done
	 FORMCHECKBOX 

Accept

	18
	ACC39 Interface Specification
	The first Figure 9.2 should be Figure 9.1


	Done
	 FORMCHECKBOX 

Accept

	19
	ACC39 Interface Specification
	9.3: “One the module” should be “Once the module”


	Done
	 FORMCHECKBOX 

Accept

	20
	ACC39 Interface Specification
	Are the tie rods across both vacuum bellows? If so, what about the end can plate deflection due to vacuum loading? I believe that we heard that DESY does not intend to double nut the end can side tie rods, but instead will only install the outer nuts to prevent transfer of forces due to end can plate displacement.
	Yes, we heard that the tie rods will not carry compression, so the end can deflection under vacuum is not transmitted to the cryomodule.  
	 FORMCHECKBOX 

Accept


	21
	ACC39 Interface Specification
	Reference the assembly procedure for the FLASH clam shelled vacuum closure.
	The design is complete.  An assembly procedure will be written and provided to DESY.  
	 FORMCHECKBOX 

Accept

	22
	3.9 GHz Cryomodule Piping Mechanical Loads
	Figure 1 should be updated and made larger, possibly by making it landscape. This figure should also be in the ACC39 Introduction and Parameters document.
	An updated FLASH flow schematic from  DESY has been added as a new Figure 1.    
	 FORMCHECKBOX 

Accept

	23
	3.9 GHz Cryomodule Piping Mechanical Loads
	The write-up should accurately state that the bellows are welded under compression which adds a one sided force during installation.
	This was added.  
	 FORMCHECKBOX 

Accept

	24
	3.9 GHz Cryomodule Piping Mechanical Loads
	Include actual x, y and z location variances in the analysis. The assumed 1 mm variance is unrealistically low.
	The 1 mm variance comment has been deleted.  Actual pipe variances are documented in survey results in the ACC39 Interface Specification.    
	 FORMCHECKBOX 

Accept

	25
	3.9 GHz Cryomodule Piping Mechanical Loads
	Clarify the wording in the axial g load section. As stated, it seems that only half the weight was considered since only one of the posts is anchored in the axial direction.

	No, it was OK.  But I have updated the post allowable loads, which were re-analyzed by Tom Nicol.  (Tom P.)
	 FORMCHECKBOX 

Accept

	26
	3.9 GHz Cryomodule Piping Mechanical Loads
	The analysis appears to consider infinite stiffness once the first support is reached. It is likely that this is an unrealistic assumption.
	No, this is OK.  On pg. 11, “Pipe cantilever stiffness is calculated as if the pipe were supported only by the first two clamps to the thermal shield, and those are both rotationally free.” 
It is recognized that the cantilevered stiffness of the pipe was taken into account. We are asking about the stiffness of the shield that the pipe is ultimately supported from. This “spring constant” of the shield acts as a spring in series with the cantilevered pipe.

Also, the connection of the shield to the post could be important. It there is significant tolerance, the shield could “snap” to a new lateral position. 

We are requesting that people at DESY, while the cryomodule pipe ends are accessible, simply measure the flexural spring rate of each of the four shield pipe ends, vertically and laterally.   
	 FORMCHECKBOX 



	27
	3.9 GHz Cryomodule Piping Mechanical Loads
	Add post x, y and z load capacities to the document.
	I have updated the post allowable loads with some new analysis from Tom Nicol.  Allowable stress and loads are shown in Table 1.  (Tom P.)
	 FORMCHECKBOX 

Accept

	28
	General
	It should be stated somewhere which of the 40/80K shield pipes is thermally isolated from the shield to prevent a supply to return thermal short.
	Facing in the beam direction, the insulated pipe is on the right.    
We meant it should be in one of the documents. It is not obvious which document would be the most appropriate (either the Introduction, Piping Mechanical Loads or the Interfaces document).

A new section in the Operational Readiness Clearance Introduction was added, under “List of Parameters and Requirements”, called “Thermal requirements”.  This section states that since ACC39 operates cryogenically in series with ACC1 as stated in the introduction, all circuits must be compatible with temperatures, pressures, and operational requirements for the FLASH string.  This includes operational requirements for warm-up and cool-down.  To avoid potential slow warm-up or cool-down due to a thermal “short” between shield supply and return lines, insulating shims are located between the pipe and thermal shield for the pipe on the right when facing in the beam direction.  
	 FORMCHECKBOX 



	29
	Low Temperature Stresses
	Titanium grade 2 is a code material which does not recognize property enhancements below 40 C.


	According to the Code (UNF-23 and Part ULT) we can use titanium at cryogenic temperatures.  However, titanium is not in the list of materials that is allowed to take advantage of enhanced material properties at cryogenic temperatures.  Instead, the ASME-allowed material properties are those for ambient temperature.  As a result, we have added a line in the summary table in the document “Low temperature stresses” showing the result for 4 bar internal pressure with room-temperature allowable stress in addition to the line for 4 bar pressure with low temperature material properties.  We include some discussion of this result in the text.  
	 FORMCHECKBOX 

See 31

	30
	Cryomodule Shipping Specification
	Add metric units throughout.
	Metric units have been added.  The new file has been uploaded to ilc-dms.  
	 FORMCHECKBOX 

Accept

	31
	ORC Introduction
	Add a section on exceptions to the code. Include the table of exceptions from Cavity #5 engineering note as well as the titanium bellows at 4 bar.
	A section called “exceptions to the ASME pressure vessel code” was added to the ORC introduction/specification document.  
	 FORMCHECKBOX 




	32
	3.9 GHz Cryomodule Piping Mechanical Loads
	It needs to be documented that the support posts can handle the shipping specification for vertical, lateral and axial g loads. Since other aspects of support post loading is in this document, it likely makes the most sense to include it here. The axial loading would exceed the post allowable without taking into account the friction of the lateral shipping constraint bolts on the non-anchored post.
	A section called “Shipping Loads” was added to the ACC39 Piping Mechanical Loads document, page 14.  This section tabulates the allowable support post stresses and loads, consistent with Table 1 in the same document (using Tom Nicol’s latest analysis) and compares them with maximum anticipated g-loads.  Due too the damping of the g-loads by the spring system in the frame, loads are acceptable even without axial load-sharing.  
	 FORMCHECKBOX 



	33
	3.9 GHz Cryomodule Piping Mechanical Loads
	In the Lateral Elastic Pipe Instability section, the equation for Qmax should be:

Tan(Qmax) = 3Y/(2(L+X))

In the next sentence, the small angle approximation is used to eliminate the Tan term.
	Done
	 FORMCHECKBOX 



	34
	3.9 GHz Cryomodule Piping Mechanical Loads
	Figure 13

69 N/mm times the maximum piping X variance of 8.6 exceeds the 500 N lateral limit imposed by DESY.
	The maximum measured piping lateral offset of 8.6 mm is documented in the ACC39 Interface Specification document.  Figure 13 in the Piping Mechanical Loads document lists a lateral displacement force of 69 N/mm due to force from pressure in the bellows deviating from the axial direction.  This analysis did not take into account the restoring lateral spring rate of the bellows, which is 8 N/mm.  So the net offsetting force is 61 N/mm x 8.6 mm = 524 N, slightly above the stated 500 N allowable.  

I have asked DESY for comment.  (Tom P. on April 29) 

Detlef Sellmann replied on April 30:  “The 500 N limit for lateral forces to the cold mass of the accelerator modules is determined by the necessary alignment precision, and not by overstress in any component. So the load on a single tube is limited just by the stiffness of this tube. For the tube in question lateral loads of somewhat more than 500 N are still ok. The 500 N limit is the sum of the loads of all process pipes. The calculation of this summarized lateral load for a connection towards an ideal module (no tolerances for the position of all pipes) results in app. 330N. This is well within our limits.

So we don´t expect any problems for the alignment of the cold mass of acc1 by the lateral offsets shown in the ACC39 Interface Specification document.

For the connection to the endcap the situation is even more relaxed.”  

The above information is also copied into the Piping Mechanical Loads document, as Appendix 2.  
	 FORMCHECKBOX 




