Answers to Review Phase 1 - Upper and lower weldments and table.

Answers by Ang Lee and Dave Pushka to questions by Andy Stefanik asked on November 2, 2010 and revised November 3 to remove references to ASME BTH-1-2005 and add comment 12.


(1) The project team has done very much impressive analysis and fabrication work.

(2) My comments are based on limited knowledge of the project and the information presented in the documentation. So, please cut me some slack if I missed info in the documentation and made superfluous comments!

(3) Nova-doc-3560-v1, A Stress Analysis for a Steel Bookend used in FHEP (Nova) V1: Is gravity included in the FEA? Are the stress plots for bending only or bending in combination with gravity?

Answer (by Ang Lee): Yes. The gravity is included as part of the total loading. 



(4) Nova-doc-4416-v1, A Stress Calculation for the Steel Lower Frame used in Nova Pivoter Table Assembly: Where is the document for the welds?

Answer (by Ang Lee):  The weld is sized based ANSI/ASW.  The maximum shear force, extracted from FEA model, gives a number of 350 lbf/in, which yields a weld stress below: 

Answer (by Dave Pushka):  Given a shear of 350 pounds per inch and skip welds of 2 inch length every eight inches, gives 1400 pounds shear per inch of weld,  Form AISC 9th edition, Connections volume, the shear on a weld is 0.707 * w * L * Fv.
For a length (L) = 1 inch, weld leg length, w = 5/16 inch, and Fv = 0.3 Fy where Fy = 70,000 psi for E70XX filler metal, the allowable shear is = .707 * .312 * 1 * 0.3 * 70,000 = 4632 pounds.  Actual shear is 1400 pounds per inch of weld, so the actual weld stress is less than the allowable weld stress.



(5) Nova-doc-4217-v1, An Updated Calculation for the Upper Arm used in FHEP: Is W (255,000 Lbs) the weight of the table plus the modules, fixture, people, etc, for the full-size assembly? It looks like impact loading is not a factor, correct? It looks like no seismic loading, correct? I think I’d calculate the first 10 or so vibration modes with a tall, slender structure like this and also for the fully loaded assembly. It will be particularly interesting to see lateral vibration modes.

Answer (by Dave Pushka):  Yes, W = 255,000 pounds is the load assumed on the upper arms when supporting the Ash River Pivoter Table and full size detector block.  We have not included an impact loading as the modules are 1000 pound plastic extrusions set down on a layer of epoxy.  This was accomplished at ANL building 366 during the full size assemble test without exerting a noticeable impact loading.  Both Ash River, MN and Fermilab are in zone 0 seismic areas.

Answer (by Ang Lee):  The equipment will be operating inside the building under the roof. There is no such external force like the wind load to excite /vibrate this heavy equipment designed for a 116 ton load/per unit. The vibration mode is not required, but stress and buckling mode does for a tall slender structure which has been included in the calculation.  Fig 10 shows a lateral buckling mode with a safety of 17.   
The Chicago and MN is not part of earthquake zone.  The seismic loading is zero. But, as a conservative estimation, 10% additional load will only increase maximum stress by 10% (from 16.2 ksi to 17.82 ksi < 21.6 ksi allowable) due to its linear nature. 






(6) Nova-doc-4132-v1, The Lifting Lug used in FHEP Pivoting Table Assembly: “The total load (dead weight) for the 4 lugs is ~80,776 Lbs, vertically” but the load on the pivot frame is 255,000 Lbs? The table weighs about 25,000 Lbs. What makes up the 80,776 Lbs? Are you saying the steel table and PVC block are tied together and act as an assembly (as stated in the EN) to resist bending? I thought the module was only secured to the steel table so it would not fall off, not secured so well to the table that it combines with the moment of inertia of the steel table to resist bending forces. How is the module joined to the steel table? Or is the PVC block just following steel table deformation in the FEA results? How are the lugs attached to the table? You need a calc for the lug-table joint. Does the FEA of the lug properly model the lug-table joint?

Answer (by Ang Lee): 
a) The number of ~80,776 lbf load is for FHEP only.  255,000 lbf/unit (nova-doc-4217) is a for a full Far detector, which is supported/transported by 2 unit- 510,000 lbf/FD 

b) The contact element (gap element) is inserted between the table and PVC block to simulate a true contact surface. It is not bonded at all. They could slide and open up (loose contact) if it is in tension and compress each other (contact) if it is in compression. 

c) Lug is welded to the table. Weld calculation _ Dave will generate an engineering note.






(7) Nova-doc-3647-v1, A Stress Analysis for a Pivot Table Used in FHEP (Nova)__v1: It is written in the EN that “A further detail evaluation/study of  that area, specially for the connection (weld or bolt joint) is highly recommended”. Has this study been completed?

Answer (by Ang Lee): Yes, It has been done in Nova-doc-4211-v2, see pg 16-21.


(8) Nova-doc-4211-v2, A Structural Analysis for the Steel Pallet and Pivot Table used in FHEP (v2): [1] The report stated: “The stress for the operating case indicates that an additional reinforcement /or support is necessary for the end section (3”x2”x3/16” tubing) due to its cantilever nature.  A further iteration reveals that an additional support at the end will bring its stress down to 15 ksi. Therefore, this modification is highly suggested or a thicker wall for the 3”x2” should be used as an alternative”. Was this suggestion followed? [2] I cannot envision how the front hook engages the steel pallet. It is a standard or custom hook? If custom, is there an EN for it?

Answer (by Ang Lee): 
a) Will place an additional support after it is vertical position before filling
b) The calculation does not count the stiffness of the PVC block in its vertical position. Therefore, the actual deflection will be less than 0.1” calculated, so does stress.
c) In fact, hand calculation indicates the Smax=~27.2 ksi
 “FEA shows the cantilever section has a deflection of 0.1”. By taking Dmax=0.1”from FEA result combined with 
Dmax=q*L^4/8*EI =0.1”
and  Smax=M/Sx=q*L^2/2

Where Ix=1.86, Sx=1.24, for 3”x2”x3/16” tubing, L=104/4=26”, E=29e6 psi
Smax=27.2 ksi < 27.6 ksi = allowable for A500 tubing

Answer (by Dave Pushka):  The ends of the pallet cannot be supported until after the pivoter is removed as the pivoter lower weldment extends under the pallet cantilever.  But when the FHEP is initially set on the pallet on the floor, the full load is missing as the extrusions have not yet been filled with scintillator (for Ash River) or water (for CDF).   But the plan is to support the ends of the pallet after FHEP installation and Pivoter removal but prior to filling.



(9) Questions on all of the FEAs: Are Von Mises stresses shown in all of the stress plots? Are all shear stresses below allowable values?

Answer (by Ang Lee): Yes. The criterion is:  “Are the von Mises stress equal to /below to the allowable”. The von Mises stress failure criteria is based on the distortion energy approach which includes both normal and shear stress effect.  It is considered to be most common practice/accurate criteria for a ductile material.  Another criterion is called “stress intensity” based on the maximum shear stress failure theory.  It is very similar to the “distortion energy” _ von Mises stress approach, only 10% difference. 



(10) MD-ENG-191: This is irrelevant to the review but it looks like the bookend is tilted slightly with the row 46 end being high. This is noted in the EN: “A small portion of the difference between the elevations of the two far ends (about 59 mm – 65 mm from row 0 to row 46) may be due to the bookend sitting on a slightly uneven surface…” If you correct for this tilt you will see improved flatness.

(11) During the tour at CDF, I asked David Pushka if installing personnel protection around the air springs (located above the solid rubber tires) might be a good idea. He said he would do this.

Answer (by Dave Pushka):  ¼ thick aluminum plate will be installed around most of the air spring in the next few days pending technician work level.  These plates will not completely enclose the air spring clearance is needed to allow the spring to move and perform its function.

(12) How is the table locked into the horizontal working position? Is this done by the horizontal cylinders or by separate braces?

Answer (by Dave Pushka):  At Ash River, the table will rest on the dunnage towers during detector assembly and not on the long pivot cylinder hydraulics (these will of course be extended, but not pressurized).  At CDF, once the table with the FHEP is re-installed and the dunnage beams removed, the table will be rotated to a vertical orientation as soon as possible to avoid holding the load on the extended hydraulic pivot cylinders.

(12) A question arose about the horizontal stability of the lower and upper frames, perpendicular to the direction of travel. I believe this has already been discussed with Dave last week. He understands the issue and is working on an answer.

Answer (by Dave Pushka):  [The above question was on the first list, but omitted from the second version – so I took the liberty of appending it to this version – DRP].   It will take me a week or so, but I’ll generate a formal engineering note to address the transverse stability of the FHEP pivoter in CDF.
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