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1. DESIGN SUMMARY

The X-direction motion and position of the Toroid End-cap (TE) is accomplished through the use of a passive x-guide system similar.  The TE x-guide meets the following requirements as has the following features.

1.
Passive guide restraint with rail during movements including the breakdown scenario where only one cylinder is utilized.


2.
Primary seismic restraint while in run position.


3.
Determines X-position location (using shims).

4.
Shim spacing and design is consistent with that used for barrel and extended barrel x-guides preventing movement.

5.
Bracket is bolted to outside of TE I-beam flange and includes an   adjustment screw for simplified position adjustment.

6.
Range of motion is +-25mm in X-direction.

7.
Roller maintains full contact with rail for TE movements of +/-15mm in Y-direction.
The brackets are mounted to the outside corners of the TE I-beam flange.  Each TE will require 4 guide brackets, of two types that are mirror images of each other. 

2.  DESIGN LAYOUT

Figures 1 through 3 show the layout of the guide bracket showing working clearances.  So that the TE can be adjusted +/- 25mm in the X-direction, a shim is used to adjust the guide roller to maintain contact between the roller and the rail.  Figure 1 shows the bracket in the nominal position, spaced 25mm away from the I-beam flange.  By varying the size of the shim from 0-50mm, the guide bracket can be adjusted to remain in contact with the rail.  Figure 3 shows the location of a tap for an M24x3 screw that can be used to move the TE away from the rail.  
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 Figure 1 Front view of TE X-guide looking down Z-axis.  TE is in nominal position. Shim not shown.  Shim thickness varies between 0 and 50 mm based on position of TE.  Bracket position does not change.
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Figure 2.  Top view (looking in Y-direction) of layout for TE x-guide.  TE is in nominal position.

[image: image4.wmf]
Figure 3 Left side view (looking in X-direction) of TE x-guide layout.  X-guides to be located at all four corners of the TE.  Two of the four are mirror copies.  The brackets located at opposite corners are the same.  Bracket shown is considered right-hand by convention.

[image: image5.wmf]Figure 4 Location of M30 inserts on the TE I-Beam flange.
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Figure 5.  TE X-guide bracket dimensions (right hand version shown).
3.  LOAD CALCULATION

There are three load cases in which the forces on the TE x-guide must be evaluated.  These are listed in table 1.  The calculation procedure follows that of the Calorimeter X-bracket and is included for reference in appendix A and B. 
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Table 1 
Load Cases used in analysis of TE x-guide bracket.  Load case 2 includes the Eurocade Safety factor 1.5 for moving loads.
Load Case 1-
In the event of a traction cylinder breakdown, the TE must be moved with only one cylinder.  The off-center load will create a moment that must be resisted by the guide rollers.  The primary reaction force to the guide roller is in the X-direction to oppose the torque created by the single cylinder.  This normal force on the roller creates a rolling resistance in the Z-direction.  Additionally, as the TE moves, the Y-position can vary due to the airpads.  The steel on steel sliding friction creates a force in the Y-direction.  All of these forces must then multiplied by a 1.5 safety factor since they are moving loads per Eurocode.  The calculated X, Y, and Z forces are shown in table 1 with and without the safety factor applied.

Load Case 2- In the run position, the guide rollers act as the primary X-direction restraint for seismic loading.  The TE I-beam flange sits lower than the top of the rail and would serve as a secondary restraint in the event that the TE x-guide bracket failed.  The seismic loads are determined in table 1 using an acceleration of 0.9375 m/s2.

Load Case 3- In the normal running case with two working cylinders, the loads are directly related to the difference in the traction cylinders.  The maximum pressure difference in the traction cylinders is based on the maximum contact pressures that are desired between the rail and guide roller to prevent damage to the rail. 
4. ANALYSIS

4.1 FEA Model

The TE X-bracket has been analyzed by hand calculations and FEA models of increasingly complexity starting with a simple shell model and proceeding to a solid model of the assembly incorporating contact elements between parts.  The final solid model is detailed here.  Figure 6 shows the model schematically.  
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Figure 6 Schematic diagram of TE x-guide bracket identifying bolts and point of application of seismic load.

4.2 Stress Analysis

Figures 7-12 show the stress plots for the three load cases starting with Load Case 2 which is the most severe.  The material used for the bracket is 304L Stainless steel with a yield stress of 240MPa.  The stresses are found in the acceptable limits except for some local stress concentrations for load cases 1 and 2.  The normal running case 3 shows minimal stresses.
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Figure 7.  Von Mises stress for Load Case 2 (Seismic).  The stresses are acceptably below the 240MPa yield limit accept for local stress concentrations.  See figures 8 and 9 for details of stress concentrations.
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Figure 8.  ISO plot of Von Mises Stress for Load Case 2 (Seismic).  Only those stresses above 240 MPa are shown shaded.  The stress concentrations are seen to be local.  The inside corner of the boss has nodal stresses of 508MPa.  However, from viewing the enlarged area , in figure 9, the stresses fall off quickly.  These areas would plastically deform locally and the stresses redistributed below yield.  (Note that coordinate systems in figure does not match the model coordinate system shown in Fig.6)  The cylinders also shaded are the bolts and are of higher strength material such that the stresses are in the acceptable range.
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Figure 9.  Enlarged view of highest stress concentration (Load Case 2- Seismic) showing the stresses quickly falling off as you move away from the corner where it is highest.
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Figure 10  Von Mises stress for Load Case 1 (Single Cylinder Breakdown).  The stresses are acceptably below the 240MPa yield limit accept for local stress concentrations.  See figure 11 for details of stress concentrations.
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Figure 11. ISO plot of Von Mises Stress for Load Case 1 (Single cylinder Breakdown).  Only those stresses above 240 MPa are shown shaded.  The stress concentrations are seen to be local.  The inside corner of the boss has nodal stresses of 345  This area is small and local yielding would redistribute stresses to acceptable levels. The cylinders also shaded are the bolts and are of higher strength material such that the stresses are in the acceptable range.
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Figure 12
Von Mises stress for Load Case 3 (Normal Running Case).  The stresses are all well below the acceptable value of 240MPa.
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Figure 13 Resultant deflection for Load Case 2 (seismic) .  Maximum deflection, ur = 1.1mm at the roller shaft tip.  The maximum component in the X-direction is ux = 0.9mm.

4.3 Deflections
Figures 13-15 show the resultant deflections for the TE x-guide bracket for each of the load cases.  Load case 2 is again the highest with a 1.1mm deflection which is acceptable.  The normal running case deflection is 0.2mm.
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Figure 14 Resultant deflection for Load Case 1 (single cylinder breakdown).  Maximum deflection, ur = 0.6mm at the roller shaft tip.  The maximum component in the X-direction is ux = 0.5mm.
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Figure 15 Resultant deflection for Load Case 3 (Normal running case).  Maximum deflection, ur = 0.2mm at the roller shaft tip.  The maximum component in the X-direction is the same at ux = 0.2mm. 

4.4 Bolt Forces
The forces acting on the bolts for  each load case are shown in the tables 2-4 below.  Each of these forces was increased by a factor of 1.25 as required by Eurocode and the stresses listed were then calculated.  The bolt forces were extracted from the reaction forces in the FEA model. The bolt positions are shown in figure 6.  An M30 grade 8.8 bolt will be used for these connections which has a normal yield stress of 640 MPa and a shear yield stress of 370MPa.  The shear yield stress in the bracket material is 138MPa.  An examination of the tables shows that all of the stresses are within acceptable limits.  The bearing stress under the bolt head assumes a standard washer (∅70.8mm) is used in the connection.  In all cases, the stresses are below the acceptable values.  

Stainless steel helicoil thread inserts will be used to make the connection into the aluminum TE I-beam flange.  These have been tested to have pull-out strengths from the aluminum of  45 tons.  The largest force listed in the tables is 25 tons or 55% of the pull-out value.  The shear stress listed in the table is for the threads internal to the stainless steel insert.  It is assumed that the inserts have a yield stress of 240MPa. and shear stress of 138MPa.    
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Table 2 Bolt loads and stresses for Load Case 1 (Single cylinder Breakdown Case)
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Table 3 Bolt loads and stresses for Load Case 2 (Seismic)
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Table 4 Bolt loads and stresses for Load Case 3 (Normal Case)

4.5 Contact Stress Analysis
The contact stress for the rollers was determined using the classical Hertz contact stress formulas for a cylinder (of finite length) acting a flat plate.  These formulas are shown below.  The maximum Hertz pressure, p0 is located directly under the line of a contact at a depth 0.7a below the surface where is 1/2 the contact width. 
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where, P is the load per roller, r1 is the roller radius, r2 = ∞, L is the roller width, and
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νi,Ei are Poisson's ratio and Young's modulus for the roller and plate respectively.  For a more detailed explanation, see the Calorimeter X-bracket Summary report, section 5.  The parameters used are listed in Table 5 and the calculated maximum Hertz pressure, p0 are shown in Table 6.
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Table 5 Input values for Hertz pressure calculation.  Dimensions based on McGill CCfd-5 5 inch diameter guide roller.
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Table 6 Maximum Hertz pressure values for each load case.

5. CONCLUSION

The design of the TE X-bracket has accomplished all of the design goals required by CERN as listed.  

· The stresses are within acceptable limits except for  local stress concentrations in the seismic and breakdown cases.  These concentrations are small enough that they will be relaxed by local yielding.  The normal running case has stresses that are well within the limits. 

· The deflections are only 0.2mm in the normal running cases and are only 1.1mm (0.9mm in X-direction) in the worst case (seismic.).

· Under normal operation, the traction cylinders will need to be controlled so that the force mismatch between the two cylinders is less than 2.8 tons for the extended barrel.  This is to prevent damage to the rails in normal operation. 

· In the exceptional cases of the breakdown or seismic loading, some local plastic deformation of the bracket and rail will occur.

· A simple adjustment mechanism using an M24 bolt will allow TE movemnets.

APPENDIX A-Load calculation for breakdown case
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Figure A1 Free body diagram of forces acting on the TE and input values used in the calculations. 

Figure A1 shows the forces considered in the breakdown scenario.  The single cylinder force is shown as P.  In determining friction resulting from air pad, f, it is assumed that the normal force N is the same on each of the eight air pads.  Therefore,
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For equilibrium,

SFx:
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SFz:
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[1]

where 
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[2]

Solving for  Fx, 
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To allow for the situation where the X-bracket has a Y displacement while moving in Z during the breakdown scenario, an additional force, Fy in the Y-direction must be considered due to the friction between the steel roller and the rail.
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APPENDIX B- Determination of  Loads for Load case 3
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Figure B1 Free Body diagram for Load Case 3

While the design loads are for the exceptional cases of the breakdown scenario described above, the nominal loads during normal operation are much lower.  Assuming both traction cylinders are operating, it is possible that one cylinder might get ahead of the other and the detector would be rotated to the point where the guide rollers would restrain movement.

Figure B1 shows a layout of the forces acting on the detector with two traction cylinders operating but with cylinder P1 exerting a higher force than that of P2.  Since the loads are relatively low here, the friction from the side guides is minimal and not included in this calculation.  Summing the forces,
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From this, we find the force on the X-guides to be, 
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where ΔP = P1 - P2.

For the TE, a=6646mm and  b= 4726mm.  During normal operation, we would like to keep the Hertz contact pressure below 400MPa to be in a conservative range that does not damage the rails.  This value of Hertz pressure corresponds to a force F= 2 tons.  Using this value for F, we conclude that  ΔP should be below 2.8 tons which is a reasonable requirement. 
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