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ABSTRACT

The Lorentz forces for the SSC dipole with the NC9 cross section have been
computed. The force components are plotted and tabulated in x, y and r,@ direction
expressed in lbs/inch (per unit length along the magnet). The conductor geometry was
generated with the program PK and forces computed with the FNAL/CERN version of the
pragram POISSON. In the computation we assumed the existence of a & = « iron located
at R = 5.988 cm. Forces have been computed for I = 6408 A corresponding to a dipole
field of 6.6 T and are in agreement with similar calculations made by R. Meuser for the
BNL C3>58A dipole cross section.*

ANALYSIS

The forces have been computed at 108 locations. Each turn (out of 36) was
subdivided into 3 regions, each carrying the same current of 2136A (the current density
differs), and the force was then computed for each subdivision (Fig. i). With the aid of a
high density polar mesh, the NC9 geometry {Table 1} was used to generate the input for
POISSON. The computed forces were then broken into their components and are
presented here in the x, y direction - Fx’ Fy -and inr,8 - Fr’ Fe. The 1,0 direction is a
local coordinate system corresponding to the direction along the wide and narrow face of
each turn, respectively. The forces Fx and F_ are plotted and tabulated in Fig. 2 and 3
and Table L. Fr and F g are plotted and tabulated in Fig., 4 and 5 and Table 1.

It is noted that the Lorentz forces represent a body force on each turn's subdivision
in isolation. In order to result with total body equilibrium, the cross section, including
boundary conditions, has to be subjected to a stress analysis.

'Robert B. Meuser, "Conductor Forces for BNL. C358A Dipole Cross Section,” SSC-N-363
(June, 1987).
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Figure 1. NC9 cross section and flux plot. The individual turns have been subdivided
into 3 equal area regions where the forces have been calculated.
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Table |

¥X/Y Force components
Units of tbs/in
FX . FY . FX . FY . FX - FY

inner Layer

7.078063e+01 6.400496e-02 5.325907e+01 +4,246278e-01 3.843657e+01 -9.564345e-01
7.100462e+01 -9.844332e-01 5.368465e+01 -2.526360e+00 3.853737e+01 -3.6845625e+00
6.512450e+01 -1.965506e+00 4,879608e+01 -4.456828e+00 3.455036e+01 -5.563896e+00
7.100462e+01 -3.304963e+00 5.448541e+01 +7.072464e+00 3.971331e+01 +8.701986e+00
6.490092e+01 -4.325794e+00 5.28726%e+01 -9.329157e+00 4.182441e+01 -1.123857e+01
7.078063e+01 -1.430172e+00 5.576775e+01 -5.563896e+00 4.480347e+01 -8.724385e+00
6.568488e+01 -2.340129e+00 5.220632e+01 -7.391649e+00 4.145483e+01 -1.085228e+01
7.391649e+01 «4,119164e+00 6.092510e+01 -1.120507e+01 4.991603e+01 +1.600964e+01
7.190058e+01 -5.840523e+00 6.322099e+01 «1.430732e+01 5.317507e+01 -1.926868e+01
7.279654e+01 -8.091616e+00 5.806924e+01 -1.585845e+01 4,989923e+01 -2.005825e+01
6.781277e+01 -3.934373e+00 5.795724e+01 -1.327137e+01 4.998322e+01 -2.209655e+01
7.498044e+01 -5.096878e+00 6.495691e+01 -1.835122e+01 5.672530e+01 -2.730990e+01
6.971668e+01 -5.672531e+00 6.103710e+01 - 1.604324e+01 5.778925e+01 -2.807706e+01
7.929223e+01 -8.00761%e+00 7.14526%e+01 -1.935268e+01 4.198905e+01 -2.841865e+01
7.559641e+01 -3.8657746e+00 6.854074e+01 -1.192183e+01 6.126109e+01 -1.896070e+01
7.940423e+01 -6.049727e+00 7.4980442+01 -1.160265e+01 6.708481e+01 -1.763916e+01
Guter Layer
2.257813e+01 -7.587640e-01 4.606901e+00 -7.923623e-01 -1.098108e+01 -1.296338e+00
2.269012e+01 -3.190728e+00 4.,996643¢+00 -4.041888e+00 -1.085228e+01 -4,573302e+00
2.291971e+01 -5.773325e+00 5.415503e+00Q -7.274054e+00 -1.038191e+01 -7.985221e+00
2.048143e+01 ~7.374849e+00 5.818123e+00 -1.06562%9e+01 -9.390754e+00 -1.134506e+01
2.258932e+01 -1.074589e+01 5.547656e+00 -1.267780e+01 -6.114909e+00 +1.226902e+01
2.351888e+01 -8.170012e+00 6.014114e+00 -9.4446751e+00 -7.346850e+00 -1.266660e+01
2.611716e+01 -9.794736e+00 8.091616e+00 -1.2358681e+01 -5.868521e+00 -1.556726e+01
2.457723e+01 -9.452351e+00 8.578792e+00 -1,258820e+01 +4.850490e+00 -1.878151e+01
3.009297e+01 -1.206183e+01 1.209542e+01 -1.748797e+01 -3.614628e+00 -2.265092e+01
3.140891e+01 +1.360735e+01 1.395454+01 -1.992945e+01 =1.785195e+00 -2.510381e+01
3.282004e+01 -1.561766e+01 1.565685e+01 -2.219174e+01 2.736030e-01 -2.776348e+01
2.872104e+01 -1.471610e+01 1.49512%e+01 -1.996305e+01 1.92182%9e+00 -2.418525e+01
3.637587e+01 -1.994625e+01 2.050623e+01 -2.653154e+01 5.071679e+00 -3.259605e+01
3.889015e+01 -2.196216e+01 2.276292e+01 -2.874343e+01 7.912424e+00 -3.467915e+01
4. 146603e+01 -2.398366e+01 2.584277e+01 -3.082653e+01 1.089148e+01 -3.678485e+01
3.816219e+01 -2.236534e+01 2.708031e+01 -3.070894e+01 1.429052e+01 -3.879496e+01
4.740174e+01 -2.76234%e+01 2.990818e+01 +3.175049e+01 1.541607e+01 -3.,394559e+01
5.015121e+01 -2.936501e+01 3.645987e+01 -3.721583e+01 2.221974e+01 -4.199800e+01
5.251991e+01 -3.173369e+01 4,058127e+01 -3.961812e+01 2.714191e+01 «4.339794e+01
5.300708e+01 -3.440477e+01 4.534105e+01 -4,253558e+01 3.304963e+01 -4.468587e+01
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Table Il

Radial/theta Force components
units (lbs/inch)

Fr

inner layer

7.0774328+01
7.089630€+01
6.481527e+01
7.0313564E+01
6.379900E+01

6.295603E+01
5.706062£+01
6.240296E+01
5.861804E+01
5.692207E+01

4.028577E+01
4.219522E+01
3.680464E+01
3.8561455E+01

2. 145566E+01
2.013476E+01

outer layer

2.256871+01
2.257549E+01
2.257624E+01
1.984912E+01
2. 144569E+01

1.880061E+01
2.021618e+01
1.851984E+01
2.196714E+01
2.192975e+01
2. 166229€+01
1.789161e+01
2.126036E+01
2. 157136E+01
2.179029e+01
1.904239e+01
2.267186E+01
2.276403E+01
2.202074E+01
1.948876E+01

fo

~9.473713E-01
-4.042324E+00
-6.640547E+00
=1.042044E+09
=1,267001E+01

=3,238026E+01
~3.262001E+01
+3.983071E+01
-4.204439E+01
-4 . 609435E+01

~5.469102E+01
~6.219010€+01
-5.948119e+01
~6.971583€E+01

- 7.257996E+01
-7.691569E+01

-1.000541E+00
-3.920405E+00
+6.996973E+00
-8.892176E+00
-1.287745E+01

-1.632250E+01
-1.919810E+01
-1.871904E+1
-2.384365E+01
-2.628242E+M1
-2.9185818+01
-2.685800E+01
-3.562378E+01
-3.910827E+01
-4 .265948E+01
«3.992429E+01
~4.995967E+01
~5.347192E+01
-53.727526E+01
-6.011345E+01

Fr

5.324757E+01
5.352607E+01
4,834963E+01
5. 349944E+00
5.122541E+01

4.755348E+01
4.277910E+01
4. 760604E+01
4.681715E+01
4.033187c+01

2.680660E+01
2.715482E+01
2.330670e+01
2.482435E+01

1.132823€+01
1.159813E+01

4.598150E+00
4.,8637T1E+00
5.018674E+00
5. 000569E+00
4,297105E+00

2.074279E+00
2.609393E+00
2.646410E+00
3.386990E+00
3.497220E+00
3.420530€+00
3.311934E+00
4,241576E+00
4. 285135E+00
4. 9556968400
5.187838E+00
6.016920E+00
7.091182E+00
7.755479E+00
8.412916E+00

-1.185592E+00
-4.834695E+00
-7.951976E+00
-1.250958E+01
-1.607832E+01

-2.949822E+01
-3.082344E+01
-3.9636938+01
-4 .483021E+01
4 4L6B632E+01

-5.307143e+01
-6.123217E+01
-5.864905E+01
-6.974061E+01

-6.864135E+01
-7.498114E+01

-8.416588E-01
-4.200837€+00
- 7.334635E+00
-1.106352E+01
-1.315439E+01

-1.100491E+01
-1.453962E+01
-1.500183E+01
-2.099182e+01
- 2.4607658E+01
-2.6942T3E+01
-2.472035E+01
-3.326315e+01
-3.641391E+01
-3.991948E401
-4.061365E+01
-4.320173e+01
-5.161449E+01
-5.618085&+01
~6.159796E+01

Fr

3.841898E+01
3.834286E+01
3.406119E+01
3.863837E+01
4.,002305E+01

3.641547E+1
3.165166E401
3.565536E+01
3.565093E+01
3.118717E+01

1.492300E+31
1.345158E+01
1.169336+01
1.198121E+01

2.2B3789E+00
3.457863€+00

-1.099433E+01
-1.099405E+01
-1.079613+01
-1.021705E+01
-7.27T1437E+00

-1.152666E+01
<1, 149296E+01
-1.214165E+01
-1.301524E+01
-1.288756E+01
<1.277911E+01
-1.012159€+01
-1.213827e+01
-1.147055E+01
-1.08346148+01
-9.935986E+00
-7.072225E+00
-7.193153E+00
-3.177778E+0C
-2.487095€+00

-1.505549€+00
-5.341354E+00
-8.032430E+00
-1.2647058+01
=1.654522E+01

-2.752033E+01
-2.888680E+01
~3.8426T4E+01
<4 . 390765E+01
-4 .381355E+01

-53.257265E+M
-6.150321E+01
-6.317582€+01
+6.713205E+01

-6.4087355E+01
-6.927882E+01

-1.178652E+00
-4,221141E+00
-7.415622E+C0
-1.060700E+01
-1.162098E+01

-9.030781E+00
-1,202875E+01
-1.51278BE+01
-1.888739E+01
-2.161687E+01
-2, 4864914E+01
-2.2046934E+01
-3.047388E+01
-3.367011E+01
-3.680158E+01
-4.013158€e+01
-3.660522E+01
-4, 696602E+01
-5.092401E+01
-5.552404E+01



Table 1il
May 15 1987
NC9 Xsection S.CASPI
conductor location in cm

3
* *
* *
* *
* 4
* *
* *
* *
2 *
* *
* *
1
1 2 3 4

X Y X Y X Y X b4
2.0240 .0102 2.0218 .1573 2.9664 .1845 2.9689 .0102
2.0160 L1572 2.0097 .3042 2.9530 .3586 2.9605 .1843
1.9986 .3036 1.9880 .4504 2.9294 .5318 2.9419 .3579
1.9717 -4490 1.9569 .5954 2.8956 .7039 2.9131 .5304
1.9354 .5929 1.9164 .7389 2.8515 .8743 2.8740 .7014
1.8813 .7581 1.8167 .8913 2.6594 1.3187 2.7360 1.1620
1.8181 .8920 1.7496 1.0223 2.5797 1.4737 2.6608 1.3194
1.7464 1.0206 1.6742 1.1489 2.4910 1.6240 2.5765 1.4720
1.6665 1.1444 1.5907 1.2706 2.3935 1.7689 2.4833 1.6195
1.5787 1.2631 1.49%92 1.3870 2.2874 1.9083 2.3814 1.7615
1.4027 1.4656 1.2894 1.5596 1.8824 2.2952 2.0166 2.1839
1.2%03 1.5607 1.1744 1.6515 1.7460 2.4039 1.8833 2.2964
1.1722 1.6485 1.0537 1.7358 1.6034 2.5043 1.7438 2.4009
1.0485 1.7285 .9275 1.8124 1.4549 2.5964 1.5982 2.4970

.7409 1.8856 .6019 1.9341 .9003 2.8306 1.0650 2.7732

.6012 1.9319 .4609 1.9763 .7334 2.8811 .8996 2.8284
3.0301 .0102 3.0287 .1342 4.0090 .1553 4.0105 -.0102
3.0262 -1342 3.0222 .2582 4.0018 .3003 4.0065 .1553
3.0176 .2580 3.0109 .3819 3.9894 .4451 3.9972 .3001
3.0042 .3815 2.9948 .5052 3.9717 -5894 3.9826 .4447
2.9860 .5044 2.9740 . 6279 3.9488 .7331 3.9628 .5886
2.9702 6762 2.9241 .7914 3.8304 1.1654 3.8843 1.0306
2.9370 . 7967 2.8884 .9109 3.7865 1.3043 3.8433 1.1707
2.8992 .9156 2.8482 1.0287 3.7376 1.4413 3.7%73 1.3090
2.8570 11,0328 2.8035 1.1448 3.6839 1.5764 3.7464 1.4454
2.8103 1.1481 2.7544 1.2589 3.6253 1.7093 3.6906 1.5797
2.7592 1.28613 2.7010 1.3709 3.5620 1.8400 3.6300 1.7118
2.7038 1.3724 2.6433 1.4808 3.4939 1.9682 3.5648 1.8415
2.6442 1.4813 2.5813 1.5883 3.4213 2.0939 3.4949 1.9688
2.5804 1.5877 2.5153 1.6933 3.3442 2.2169 3.4204 2.0934
2.5126 1.6916 2.4452 1.7958 3.2627 2.3371 3.3415 2.2152
2.4408 1.7929 2.3711 1.8%56 3.1768 2.4543 3.2582 2.3342

9



2.3650
2.2854
2.2021
2.1150

1.8913
1.9869
2.0793
2.1687

2.2932
2.2114
2.1260
2.0369

1.9925
2.0865
2.1774
2.2650

3.0867

2.9923

2.89398
2.7918

10

2.5685
2.6794
2.7869
2.8908

3.1707
3.0789
2.9829
2.8830

2.4501
2.5628
2.6722
2.7782





