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Executive Summary 
 
   Vertical and Radial force influence matrices were provided by Ron Hatcher(1). These were used in a 
Monte Carlo simulation which varied the coil current’s within their allowable ranges and computed forces 



on the individual coils. The maximums and minimums were determined for 10,000 sets of randomly 
selected coil currents. This yields the worst case loading the power supplies can produce, and ignores the 
likely loading during plasma shots. The resulting loads and hoop stresses are useful in providing an upper 
limit on the mechanical loads on the coils. Forces on coil groups, such as PF4 and 5 upper can be summed 
and maxima and minima determined to provide design loads for specific structural elements or regions.  
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Designation Series coils NS NP NP Min Current Max Current 

      Fwd Rev (kA) (kA) 

TF TF 1 8 0 0 130 

OH OH 8 1 1 -24 24 

PF1aU PF1aU 1 1 1 -1 8 

PF1aL PF1aL 1 1 1 -1 8 

PF1bU PF1bU 1 1 0 0 4 

PF1bL PF1bL 1 1 0 0 4 

PF1cU PF1cU 1 1 0 0 8 

PF1cL PF1cL 1 1 0 0 8 

PF2U PF2aU, PF2bU 2 1 0 0 20 

PF2L PF2aL, PF2bL 2 1 0 0 20 

PF3U PF3aU, PF3bU 2 1 1 -16 8 

PF3L PF3aL, PF3bL 2 1 1 -16 8 

PF4 PF4bU, PF4cU, PF4bL,PF4cL 2 1 0 0 20 

PF5 PF5aU, PF5bU, PF5aL,PF5bL 3 1 0 0 32 

 
 
 
 
 
 

! 
! limits 
let cur(1)=-24+rnd*48 !OH  
let cur(2)=-1+rnd*9   !PF1aU 
let cur(3)=0+rnd*4   !PF1bu 
let cur(4)=0+rnd*8  !PF1cu 
let cur(5)= rnd*20      !PF2u: -0/+20kA 
let cur(6)=-16+rnd*24   !PF3u: -16/+8kA 
let cur(7)=-20+rnd*35   !PF4u: -20/+15kA 
let cur(8)=rnd*(-32)    !PF5u: -32/+0kA 
let cur(9)=-1+rnd*9   !PF1al 
let cur(10)=0+rnd*4  !PF1bl 
let cur(11)=0+rnd*8  !PF1cl 
let cur(12)= rnd*20     !PF2l: -0/+20kA 
let cur(13)=-16+rnd*24  !PF3l: -16/+8kA 
let cur(14)=cur(7)      !PF4: -20/+15kA   !PF4l in series 
with PF4u 
let cur(15)=cur(8)     !PF5l in series with PF5u: -32/+0kA 



 
 
 
 

 
Vertical Force Comparison for PF4 and PF5 Coils Powered Individually 

 PF4 MAt PF5 MAt Lbf Total Lbf Total
NTFTM PF4 -0.26 0 -18830
NTFTM PF5 -0.768 -207717 0
     
Monte Carlo Code (Neumeyer 
Influence Coefficients for old coil 
geometry   -204798 -20794

 

 
 
 
 



Outer PF Support Cage.  
 
Here are the max and min vertical loads in the structural element of the proposed outer 
PF support cage. These loads were developed assuming support at the bottom with some 
sort of column or strut either to the ground or to the vessel support columns/legs. These 
loads are from the Monte Carlo analysis based on worst case PF power supply 
capabilities. If this concept is not too excessive it would be worth considering as it de-
couples the  PF supports from the thermal and mechanical displacements of the vessel.  

 
Cage Loads let nam$(numpf+2)="PF3,4,5,Cage" 

let vf(numpf+2)=vf(6)+vf(7)+vf(8)+vf(13)+vf(14)+vf(15)   
!PF34+5U&L 
let nam$(numpf+3)="PF3U,4U&L,5U&L" 
let vf(numpf+3)=vf(6)+vf(7)+vf(8)+vf(14)+vf(15)   
!PF4&5l+PF3,4+5U 
let nam$(numpf+4)="PF3U,4U,5U" 
let vf(numpf+4)=vf(6)+vf(7)+vf(8)   !PF3,4+5U 
let nam$(numpf+3)="PF3U,4U&L,5U&L" 
let nam$(numpf+5)="PF3U" 
let vf(numpf+5)=vf(6)    !PF3U 



OH and Centerstack Loads 
 
 
 
 
Ansys calculates 
Force on OH to be 
6e5 N or 135,000 lbf 

 

OH -20.89 
1AU 5.828782 
1BU 1.461785 
1CU 1.01414 
2U 1.511465 
3U -14.3779 
4U 10.23491 
5U -30.6721 
1AL 6.891385 
1BL 2.631286 
1CL 7.206417 
2L 19.62986 
3L 7.190981 
4L 10.23491 
5L -30.6721 
 



ANSYS  
SUMMARY OF FORCES BY VIRTUAL WORK 
 Load Step Number:       1. 
 Substep Number:         1. 
 Time:             0.1000E+01 
 Units of Force:        ( N )    
 Component        Force-Y     
    CS1        0.60498E+06 
 __________________________________                      
           SUMMARY OF FORCES BY MAXWELL 
STRESS TENSOR 
 Units of Force:  ( N )    
 Component        Force-Y     
    CS1        0.59143E+06 
 
 
135,000 lbf 

  
Inf. 
Mat. 

OH 
Current 

Force on OH 
(lbf) 

OH 6 0 0 

1AU -73 5.8287819 
-
8888.717534

1BU -77 1.4617848 
-
2351.324704

1CU -78 1.0141403 
-
1652.460488

2U -203 1.5114646 
-
6409.622585

3U -104 
-
14.377851 31236.74397

4U -25 10.234908 
-
5345.180703

5U -25 
-
30.672053 16018.47968

1AL 73 6.891385 10509.15538
1BL 77 2.6312859 4232.502309
1CL 78 7.2064168 11742.27966
2L 203 19.629863 83243.77113
3L 104 7.1909805 15622.8366 
4L 25 10.234908 5345.180703

5L 25 
-
30.672053 

-
16018.47968

        

Total     137285.1637
 



let maxscale=1e6 
let numpf=12 
let comb=5    !This is the n umber of additional combinations 
print "t for terminal currents" 
print "M for Meg-Amp Turns" 
print "rand for Random Variation Within Current Limits" 
print "axi3 axi3 Scenario" 
!input curopt$ 
let curopt$="rand" 
if curopt$="rand" then let ksim=1000 
if curopt$="rand" then let ksim=10000 
if curopt$="axi3" then let ksim=30 
 
!     
Fz(lbf/kA^2),OH,PF1aU,PF1aL,PF1b,PF2U,PF2L,PF3U,PF3L,PF4U,PF4L,PF5U,PF5
L 
data OH   ,0 ,6,-6,-72,54,-54,27,-28,7,-7,6,-6 
data PF1aU,-6,0,0,0,11,0,0,0,-1,0,-2,-1 
data PF1aL,6 ,0,0,-88,0,-11,0,0,0,1,1,1 
data PF1b ,72,0,90,0,1,-20,2,10,2,7,3,8 
data PF2U ,-55,-11,0,-1,0,-2,-99,-7,-39,-9,-41,-16 
data PF2L ,55 ,0,11,21,2,0,7,99,9,39,16,41 
data PF3U ,-28,-1,-1,-2,99,-7,0,-26,-225,-36,-214,-66 
data PF3L ,28 ,1,1,-9,7,-99,26,0,36,225,66,214 
data PF4U ,-7 ,1,-1,-2,39,-9,228,-36,0,-52,-533,-100 
data PF4L ,7 ,1,-1,-6,9,-39,36,-228,52,0,100,533 
data PF5U ,-6,2,0,-3,42,-15,214,-65,530,-99,0,-200 
data PF5L ,6,0,-2,-8,15,-42,65,-214,99,-530,200,0 
 
 
 
 
dim Cur(16),RF(26),VF(26),rfmin(30),rfmax(30),vfmin(30),vfmax(30) 
dim R(16,16),V(16,16) 
 
for i=1 to numpf 
read 
nam$,V(i,1),V(i,2),V(i,3),V(i,4),V(i,5),V(i,6),V(i,7),V(i,8),V(i,9),V(i
,10),V(i,11),V(i,12) 
print nam$ 
next i 
 
!    Ip O1 O1u O1l O2u O2l E1u E1l           EF4u EF4l 
!    1  2  3   4   5    6   7   8    9 10 11 12 13 14 15 16 
!data 0,-35,-35,-35, -35, 35, -7.5,7.5,   0, 0 ,0 ,0 ,0 ,0 ,0 ,0  
!data 1, 1, 3,  0,  0,   0,  0,  0,   0, 0 ,0 ,0 ,0 ,0 ,0 ,0  
 
data -.008,.0,.0,.0,.0,.0,.001,.0,.0,.0,.0,.0,.0,.0,.0,.000 
data -.008,.0,.0,.0,.0,.0,-.003,-.005,.0,.0,.0,.0,.0,.0,.0,.0 
data -.010,-.023,-.007,-.007,.023,-.012,-.136,-.129,.0,.0,.0,.0,-.010,-
.010,.0,.000 
data -.005,-.063,-.018,-.018,-.059,-.076,-.245,-.246,.0,.001,.0,.0,-
.026,-.026,.0,.000 
data -.001,-.171,-.050,-.050,-.157,-.144,-.298,-.297,.0,.001,.0,.0,-
.040,-.040,.0,.000 
data -.003,-.343,-.100,-.100,-.227,-.218,-.338,-.337,.0,.001,.0,.0,-
.053,-.053,.0,.000 



data -.001,-.580,-.169,-.169,-.357,-.362,-.390,-.390,.0,.001,.0,.0,-
.071,-.071,.0,.000 
data .001,-.930,-.271,-.271,-.566,-.560,-.429,-.429,.0,.001,.0,.0,-
.096,-.096,.0,.0 
data .001,-1.451,-.423,-.423,-.676,-.663,-.461,-.461,-.067,-
.066,.0,.0,-.110,-.108,.0,.000 
data -.001,-1.616,-.471,-.471,-.714,-.694,-.481,-.482,-.141,-
.139,.0,.0,-.109,-.108,.0,.000 
data -.003,-1.652,-.481,-.481,-.733,-.713,-.511,-.513,-.173,-
.170,.0,.0,-.113,-.112,.0,.000 
data -.003,-1.662,-.484,-.484,-.735,-.717,-.513,-.517,-.174,-
.172,.0,.0,-.113,-.112,.0,.000 
data -.448,-.937,-.273,-.273,-.560,-.551,-.257,-.267,-.125,-
.139,.396,.398,-.030,-.026,-.011,.011 
data -.679,-.419,-.122,-.122,-.490,-.526,-.230,-.272,-.361,-
.317,.597,.594,.010,.010,-.007,.008 
data -.799,-.007,-.002,-.002,-.332,-.248,-.191,-.385,-.262,-
.200,.459,.458,.172,.169,-.007,.007 
data -.841,.280,.082,.082,-.270,-.151,-.115,-.303,-.239,-
.199,.426,.425,.236,.233,-.005,.006 
data -.846,.458,.133,.134,-.204,-.086,-.081,-.263,-.191,-
.160,.360,.362,.278,.275,-.009,.010 
data -.841,.617,.180,.180,-.141,-.029,-.025,-.206,-.182,-
.153,.360,.359,.271,.267,-.008,.009 
data -.860,.689,.201,.201,-.116,.029,.004,-.193,-.180,-
.144,.375,.374,.279,.274,-.004,.005 
data -.841,.811,.236,.236,-.021,.112,.030,-.159,-.159,-
.124,.384,.383,.247,.242,-.010,.011 
data -.836,.907,.264,.264,.026,.148,.072,-.116,-.166,-
.124,.396,.395,.256,.250,-.010,.011 
data -.841,.937,.273,.273,.057,.172,.077,-.104,-.155,-
.120,.402,.401,.242,.235,-.008,.009 
data -.581,.966,.281,.281,.177,.216,.103,.021,-.080,-
.069,.279,.277,.152,.146,-.010,.01 
data -.388,.887,.258,.258,.196,.200,.130,.114,-.069,-
.087,.237,.235,.111,.106,-.008,.00 
data -.331,.867,.253,.253,.210,.189,.140,.145,-.064,-
.087,.216,.214,.103,.098,-.010,.01 
data .016,.383,.111,.111,.088,.068,.012,.024,-.050,-.094,.0,.0,.002,-
.002,-.006,.00 
data .002,.0,.0,.0,.0,.0,.0,.0,-.001,.003,.0,.0,.001,-.001,-.003,.003 
data .001,.0,.0,.0,.0,.0,.0,.0,-.001,.003,.0,.0,.002,-.002,-.000,.001 
data -.002,.0,.0,.0,.0,.0,.001,.001,-.001,.002,.0,.0,.002,-.002,.0,.000 
data -.003,.0,.0,.0,.0,.0,.001,.0,-.001,.002,.0,.0,.002,-.001,.0,.000 
dim csrsum(10000),cssum(10000),OH12(10000),OH2l(10000) 
 
for k=1 to ksim 
if curopt$="axi3" then 
for i=1 to 16 
read cur(i) 
next i 
end if 
 
if curopt$="rand" then 
 call RandCur(cur()) 
! call term2MAT(cur()) !This converted term cur to C-Mod MAt 
end if 



 



 
if curopt$="t" then call term2MAT(cur()) 
for i=1 to 16 
let rf(i)=0 
let vf(i)=0 
next i 
 
  !This is the Influence Matrix multiplied by the current 
for i=1 to 16 
for j=1 to 16 
let rf(i)=rf(i)+cur(j)*r(i,j) 
let vf(i)=vf(i)+cur(j)*v(i,j) 
next j 
let rf(i)=rf(i)*cur(i) 
let vf(i)=vf(i)*cur(i) 
next i 
    ! These are the coil combinations or groupings appropriate for 
their 
    ! Support Design 
let vf(numpf+1)=vf(9)+vf(11) 
let vf(numpf+2)=vf(10)+vf(12) 
let vf(numpf+3)=vf(9)+vf(10)+vf(11)+vf(12) 
let vf(numpf+4)=vf(7)+vf(8)+vf(9)+vf(10)+vf(11)+vf(12) 
let vf(numpf+5)=vf(5)+vf(6)+vf(7)+vf(8)+vf(9)+vf(10)+vf(11)+vf(12) 
 
 
for i=1 to numpf+comb 
if vf(i)>vfmax(i) then let vfmax(i)=vf(i) 
if rf(i)>rfmax(i) then let rfmax(i)=rf(i) 
if vf(i)<vfmin(i) then let vfmin(i)=vf(i) 
if rf(i)<rfmin(i) then let rfmin(i)=rf(i) 
next i 
 
let sum=vf(1)+vf(2)+vf(3) 
if sum>vfmax(numpf+1) then let vfmax(numpf+17)=sum 
if sum<vfmin(numpf+1) then let vfmin(numpf+1)=sum 
let sum=(rf(1)+rf(2)+rf(3)) 
if sum>rfmax(numpf+1) then let rfmax(numpf+1)=sum 
if sum<rfmin(numpf+1) then let rfmin(numpf+1)=sum 
next k 
set window -1,numpf+2,-maxscale,maxscale 
print maxscale 
plot 0,maxscale;numpf+2,maxscale 
for i=1 to numpf+comb 
plot i,vfmax(i); 
next i 
plot numpf,vfmax(numpf) 
for i=1 to numpf+comb+1 
plot i,vfmin(i); 
next i 
plot numpf,vfmin(numpf) 
get key kinp 
!exit 
if curopt$="axi3" then let scale=.1 
if curopt$="rand" then let scale=10 
set window 0,ksim,-scale,scale 
set color "blue" 



for k=1 to ksim 
plot k,oh12(k); 
next k 
plot ksim,oh12(ksim) 
print "Blue is Difference between OH2 and rest of CS" 
set color "green" 
for k=1 to ksim 
plot k,oh2l(k); 
next k 
plot ksim,oh2l(ksim) 
print "Green is the total on OH2 " 
set color"red" 
for k=1 to ksim 
plot k,cssum(k); 
next k 
plot ksim,cssum(ksim) 
print "Red is Total Vertical Load on the CS" 
 
get key kinp 
clear 
if curopt$="axi3" then let scale=25 
if curopt$="rand" then let scale=10 
set window 0,ksim,-5,scale 
set color"red" 
for k=1 to ksim 
plot k,csrsum(k); 
next k 
plot ksim,cssum(ksim) 
print "Red is Total Radial Load on the CS" 
call printfile 
sub printfile 
let file$="Influenc.out" 
when error in  
unsave file$ 
use 
end when 
 OPEN #2:name file$,create newold 
!  SET #2: POINTER begin 
  PRINT "writing "&file$ 
for pf=1 to numpf+comb 
print #2: pf;",";vfmin(pf);",";vfmax(pf);",";rfmin(pf);",";rfmax(pf) 
next pf 
!for k=1 to ksim 
!print #2: k;",";csrsum(k);",";cssum(k) 
!next k 
!  DO while more #2 
clear 
        !Write Influence Matrices 
for i=1 to numpf 
print#2: 
r(i,1);",";r(i,2);",";r(i,3);",";r(i,4);",";r(i,5);",";r(i,6);",";r(i,7
);",";r(i,8) 
next i 
print#2:"" 
for i=1 to numpf 



print#2: 
r(i,9);",";r(i,10);",";r(i,11);",";r(i,12);",";r(i,13);",";r(i,14);",";
r(i,15);",";r(i,16) 
next i 
print#2:"" 
for i=1 to numpf 
print#2: 
v(i,1);",";v(i,2);",";v(i,3);",";v(i,4);",";v(i,5);",";v(i,6);",";v(i,7
);",";v(i,8) 
next i 
print#2:"" 
for i=1 to numpf 
print#2: 
v(i,9);",";v(i,10);",";v(i,11);",";v(i,12);",";v(i,13);",";v(i,14);",";
v(i,15);",";v(i,16) 
next i 
print 
 
end sub 
 
end 
 
sub term2MAT(cur()) 
!Converts terminal current in kA to MAt 
! data was changed from 69,31,31 may30 1997 129 is from E-8616 
!  27,27 for ef2 comes from pillsbury's mem of 1992 
! Ef1 was changed from 86 to 84 based on 600-049-000 
! Ef2 was changed from 84 to 80 based on 600-055 
data  129   ,27,  27 ,  84 ,  84,    80  ,80    ,75   ,75,   84,  84,  
10,  10 
read 
oh1t,oh2ut,oh2lt,ef1ut,ef1lt,ef2ut,ef2lt,ef3ut,ef3lt,ef4ut,ef4lt,efcut,
efclt 
let oh1eut=.1840085*oh1t 
let oh1elt=.1840085*oh1t 
let oh1t=.63198287*oh1t 
! 
oh1t,oh2ut,oh2lt,ef1ut,ef1lt,ef2ut,ef2lt,ef3ut,ef3lt,ef4ut,ef4lt,efcut,
efclt 
let cur(2)=cur(2)*oh1t/1000 
let cur(3)=cur(3)*oh1eut/1000 
let cur(4)=cur(4)*oh1elt/1000 
let cur(5)=cur(5)*oh2ut/1000 
let cur(6)=cur(6)*oh2lt/1000 
let cur(7)=cur(7)*ef1ut/1000 
let cur(8)=cur(8)*ef1lt/1000 
let cur(9)=cur(9)*ef2ut/1000 
let cur(10)=cur(10)*ef2lt/1000 
let cur(11)=cur(11)*ef3ut/1000 
let cur(12)=cur(12)*ef3lt/1000 
let cur(13)=cur(13)*ef4ut/1000 
let cur(14)=cur(14)*ef4lt/1000 
let cur(15)=cur(15)*efcut/1000 
let cur(16)=cur(16)*efclt/1000 
!return 
end sub 
sub RandCur(cur()) 



! This subroutine generates random terminal currents within the current  
!  
Fz(lbf/kA^2),OH,PF1aU,PF1aL,PF1b,PF2U,PF2L,PF3U,PF3L,PF4U,PF4L,PF5U,PF5
L 
!               1    2     3    4    5     6    7    8   9    10   11   
12 
!For the upgrade the required power supply currents from Jon's 
equilibria range from: 
!PF4: -20/+15kA 
! 
! limits 
let cur(1)=-24+rnd*48 !OH  
let cur(2)=-24+rnd*48   !PF1aU 
let cur(3)=-24+rnd*48   !PF1al 
let cur(4)=-10+rnd*20   !PF1b 
let cur(4)=-10+rnd*20   !PF1b 
let cur(5)=rnd*20    !PF2: -0/+20kA 
let cur(6)=rnd*20  !PF2: -0/+20kA 
let cur(7)=-16+rnd*24   !PF3: -16/+8kA 
let cur(8)=-16+rnd*24   !PF3: -16/+8kA 
let cur(9)=-20+rnd*35  !PF4: -20/+15kA 
let cur(10)=cur(9)   !PF4: -20/+15kA   !PF4l in series with PF4u 
let cur(11)=rnd*(-32)   !PF5: -32/+0kA 
let cur(12)=cur(11)   !PF5l in series with PF5u: -32/+0kA 
 
end sub 
 
  
 




