[image: ] 
NSTX

Ring Bolted Joint 

                                                       NSTX-CALC-132-11 

Rev 0 
March 2011

Prepared By: 

___________________________________
Peter Rogoff, PPPL Mechanical Engineering

Reviewed By: 

________________________________________
Irv Zatz, PPPL Mechanical Engineer

Reviewed By: 

_______________________________________
Mark Smith, PPPL Mechanical Engineer













PPPL Calculation Form

Calculation # 	NSTXU-132-11-00        Revision #00	                    WP # 1677	
	(ENG-032)


Purpose of Calculation: (Define why the calculation is being performed.)

In order to support the principal magnetic coils of the NSTX device, two substantial rings are 
required to restrain the applied TF and PF forces. Each ring consists of twelve assemblies which 
are connected through a stepped lap joint with four stainless steel bolts. These bolts, must provide
sufficient compressive force, through combined preload, to resist the joint separation for all mechanical load applications. 
This analysis is performed in order to check and design the joint integrity by selecting and specifying the necessary bolts. The actual joint geometry is presented in the calculation section.
 
References (List any source of design information including computer program titles and revision levels.)

The complete joint FEA simulation is accomplished via FEA 2010.1r.2 Nastran code.
Required displacements, forces and moments were extracted from various ANSYS code Global Models simulations. Present calculations are based on the latest Global model data which was produced on  3/19/2011. This complete data is listed in the BoltJoint3-7-2011.ppt.
Results are checked using classical bolt design equations as recommended by various bolt
manufacturers. These equations are listed in the calculation section.

Assumptions (Identify all assumptions made as part of this calculation.)
Joint integrity greatly depends on the shear flow resistance between contacting surfaces. If  any motion
takes place, the geometry of the Coil-Rings supports configuration will change. This would influence and redistribute forces, displacements and moments. Therefore, a sufficient bolt preload is required with reasonable coefficient of friction which will keep the surfaces in proper contact. 
        Based on the existing PPPL test data (see appendix A of the calculations), a reasonable coefficient  
        of   friction “mu= .3” is and can be used. 
In this case, the selected bolts must provide the necessary preload forces which will resist the combined shear forces at the contact surfaces.
 

Calculation (Calculation is either documented here or attached)

All the existing calculations are provided by the:
                      
                              BoltJoint3-7-2011.ppt

Conclusion (Specify whether or not the purpose of the calculation was accomplished.)

Selection of one inch diameter 316 stainless steel cold finished bolts and  mu=.3, the joint can withstand successfully the shear Fs=26,000 lbs., including various moments. This is outlined by the referenced Global model data.
The complete coil rings support configuration is being updated and other ANSYS simulations are in the works. This will require repeating/rechecking the calculation when this new data becomes available.

Therefore, for the present, the bolts should be as follows:
                          316 one inch diameter,
                          Cold finished:  Yield = 100ksi,   Tensile Strength = 125ksi,   Shear 25ksi (no threads)
                          Bolt is good for   2/3 Yield NSTX stress requirement.
                          2.0 inch diameter washer is required.
                          Bolt preload = 44,000.Lbs.
                          Required torque = 8,844. Lb-in.

        Preparing Engineer’s printed name, signature, and date

Peter Rogoff  3/21/2011	


I have reviewed this calculation and, to my professional satisfaction, it is properly performed and correct.

Checker’s printed name, signature, and date

		
	      Irving Zatz  _________________________________________________________________
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