MSG-EAR-07-469

December 17, 2007
Analysis of Cryomodule Lifting Fixture 
Ingrid Fang

Introduction and Summary
The Cyromodule lifting fixture is designed to lift the Cyromodule Assembly. The single pick up point is adjustable to account for the difference of the center gravity of the Cyromodule assembly. The pick up point is moved by a mechanical chain drive unit which is not analyzed in this report. This movement is facilitated by two nylon friction pads. After the pickup point is adjusted to the required position, the bolts are tightened to clamp the pickup point to the top flange of the main support beam. 

The cyromodule is attached to this lifting fixture with four threaded rods, two at each end. The threaded rods are screwed into the brackets on the Cyromodule. Then, the lifting fixture is lowered over the threaded rods through slotted holes in the adjustable bracket which is clamped to the bottom flange of the main beam. Nuts are then screwed onto the threaded rods and tightened. 
The resulting structure meets both the AISC Manual of Steel Construction Ninth Edition requirements for Allowable Stress Design and the requirements of the ASME B30.20-1993 standard for below-the-hook lifting devices. The analysis shows that the stresses are well within the lifting fixture requirements. Joint forces were examined, and adequate welded and bolted connection was specified.

Geometry and Loading

The geometry for this analysis is shown in drwg. No. 5525.000-ME-443525.
The basic structure consists of a wide flange beams W12x152, center bracket weldment and two side bracket weldment. 
The total weight of the Cyromodule assembly was estimated by E Rorissov at 16,000 lbs. This weight was divided evenly over the four threaded rod attachment locations. 
Moving the pickup point to compensate for shifts in the center of gravity of the load will generate frictional forces at the sliding interface between the pickup point and the beam. Assuming a coefficient of friction of 0.45, and a total load of 20800 lbs, the friction force is calculated to be 0.45x20800=9360 pounds.  This force is applied at the clevis bracket, with an equal and opposite force applied near the motor mounting location.
Allowable Stresses
The lifting fixture will be fabricated from A36 steel, with yield stress Fy= 36 ksi. The applicable Fermilab standard is ASME B30.20-1993, “Below-the-Hook Lifting Devices.” Paragraph 20-1.2.2 of these standard states “A lifter shall be designed to withstand the forces imposed by its rated load, with a minimum design factor of 3, based on yield strength, for load bearing structural components.”

Therefore, the maximum primary stress in the lifting fixture must be kept below Fy/3 = 12 ksi. 
For welds, an allowable of 12 ksi was used for tension/compression, and an allowable of 6 ksi was used for shear.
The Finite Element Model
A finite element model of the lifting fixture was created using about 37K higher order solid elements. This model is shown in Figs 1, 2 and 3.
Loading was simulated by applying nodal forces to the threaded rods and the clevis bracket as shown in Figs 4 and 5. The lifting fixture is fixed at the pickup point. 
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Results

The deformed shape of the lifting Fixture is shown in Fig. 6. The maximum deflection is 0.19 inch, and occurs at the end of the main beam. 
The stresses in the lifting Fixture are shown in Figs.7, 8, 9, and 10. The maximum stress intensity is greatest at the main beam near the pickup point. All stresses are below the 12 ksi limit for A-36 steel.
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Welded and Bolted Connections
Welded and bolted connections were checked by extracting nodal forces from the finite element model at the welded locations and bolted locations. The welded and bolted connections calculations are given in Appendix I. According to this analysis, a 5/16” weld will be adequate for the imposed loads in all welded locations except for the gusset plates at the pickup point where the weld size is 7/16”. Also, the bolts are properly sized as shown on the drawings.  
Conclusion

The Cryomodule Lifting Fixture meets both the AISC Allowable Stress Design requirements and the requirements of the ASME B30.20-1993 standard for below-the-hook lifting devices.   
Appendix I

Design of welded and bolted connections
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Figure 2. Cyromodule Lifting Fixture FE Model Mesh 1





Figure 4. Lifting Loads
































Figure 3. Cyromodule Lifting Fixture FE Model Mesh 2








Figure 7. Stress Intensity of the Main Beam 





Figure 6. Displacement of the Lifting Fixture





Figure 1. Cyromodule Lifting Fixture 











Figure 10. Stress Intensity of the Gusset Plates





Figure 9. Stress Intensity of the Side Bracket














Figure 8. Stress Intensity of the Center Bracket





Figure 5. Friction Load
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