
PPPL Calculation Form 
 
Calculation # CSU-CALC-132-03-0     Revision # 0 WP # 1540 (ENG-032) 
 
Purpose of Calculation: (Define why the calculation is being performed.): 
 
This calculation advances a simple, fast, and accurate method for calculating OOP torque 
loads on TF coil conductors for any poloidal field scenario, using the Excel spreadsheet that I 
previously distributed on 26 June 2009, which is this memo's Reference (2) document.   This 
calculation also includes a numerical analysis of maximal loading densities for the full 
ranges of expected currents in the OH coil, PF coils, and plasma. 
 
References (List any source of design information including computer program titles and 
revision levels.) 
Reference 1: R. Woolley memo, "NSTX CSU Poloidal Fields", 26 June 2009  

 
Reference 2: R. Woolley, Excel file NSTX_CSU_Poloidal_Field_Flux-5cm-plots.xls, issued 

with Ref.1 on 26 June 2009 
Note: Both of these references are part of CSU-CALC-131-01-00 dated 26 June 2009. 

 
Assumptions (Identify all assumptions made as part of this calculation.): 
Algorithms advanced by this memo follow from the physics and mathematics of 
axisymmetric magnetic fields and from the approximating assumptions that OH and PF coil 
currents flow only in the toroidal direction while TF coil currents are confined to the local 
poloidal half-plane.    
 
Numerical results reported in this memo are dependent also on the design point description 
assumed for OH and PF coils.   These assumed design point detailed coil descriptions would 
possibly change if the NSTX CS upgrade project were to subsequently adopt a different 
design point.   
 
Calculation (Calculation is either documented here or attached) - Attached (Memo: 13-
260709)   
 
Conclusion (Specify whether or not the purpose of the calculation was accomplished.): 
 
This calculation advances a simple but precisely accurate algorithm for evaluating out-of-
plane torques due to magnetic interactions of poloidal magnetic fields with TF conductor 
current. Instead of the conventional complicated approach involving numerical integration of 
vector cross products of position vectors, current density vectors and poloidal magnetic field 
vectors at many evaluation points chosen along a segment of the TF conductor, this 
algorithm simply multiplies the [(130kA)(36turn)=4680000A] TF current magnitude by the 
difference of the per radian poloidal magnetic fluxes evaluated at the two ends of the 
segment. (Note that the product of amperes and webers has the torque units, newton-meters.) 
The results are mathematically equivalent but the torque algorithm advanced herein requires 
less computation and is subject to less error. A full exposition of the torque algorithm is 
given in this memo's Appendix.  
 



 
Cognizant Engineer’s printed name, signature, and date 

 
Robert  D. Woolley_______________________________________________ 

 
 

I have reviewed this calculation and, to my professional satisfaction, it is properly 
performed and correct. 
 
Checker’s printed name, signature, and date 
 

_______________________________________________________________  


