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AI] STRACT

We presen’. herein the results of three clcctromagnctic field problems for corn-
prcsrmd magnetic field gc~crators and t.heir mmoc.iatcd power flow channels, The first
pro blcrn is the computation of the transient rnagnctic field in a two-dimensional model
of a hclica] generator during loading. ‘1’l)c second problcrn is the three-dimcnsiorral
mldy current patterns in a mc:ion of nn arrnaturc bcn(’at.h a bifurcation point of a
hclictd winding. Our third problrrn is tl:tl c~lcu]ation of t.hc tl]rcc-dimensional elcc-
trmtntic fields in a region known aq the post-holr convolute in which a rod connm.ts
tt~r irlnrr and outer walls (J a syst(’tn of tl~rvc corlcvnlric cylindcr~ through a holr
ill th(! nliddl~ cylindvr. Whilv illllllytiCsolutioi~s rxi~t for irlafly (!l(*clrom&Knctir field
]Jrot)lvrlls in ca.svs of Flmcial Illid idral gvolll(’trivs, Ihv sollltiorls of tllcrw nnci silnilar
I)rol)lvrm for thv prol)(’r nl]ulysis mId dmign of collll)rmmd nlngn(’tic field gcnrrnt, ors
WIIfl their rrlntcd Ilmrdwnrr r(vluirr collll)l]tt’r Hilrlllltiltiolls, 111rarlirr studios, cornputrr
Il]o(lrls hwvc I)(v IIIpr(][)ow’(1, SllV(lrill l)i~14(I(l 01] r(’s~’;lr(,1 ori(’ll!(’(1 lly(lroro(lvs to which
II IICOIIl)lt I(l or l)~~rti;~liy coIIl)lmi Fblnxwrll’s (I(ll];lliolls solvvrs nl”r I~(l(lwl,1 Altl IOIIKII ttlv
Ily(lroc(j(lv II1o(I(IIsn(l(irwi 1lIf’ llr(~t)lvl[l of l]tovill~, {1(’lorlll:it)lv coll(ll]cl(}rs, Illoy nrr Ilot
IISCIfIIlf~lr ~ll(~rtr(jli~i~gll(!tic ~~llfilysis, ll(~r rJIII ttl[’y I)(I rollsi(lorr(l (Imign tools, I“(jr ollr
slll(]i(ls, WIVtnkv il(lvlllilil~(~ of l]Ircf)lr]lil~’r{iiil,(’11’(lr(~!ll;lgll(’li(”(orlll~lll,($r-lli(l(’({ (l~wig!l
~(~fl,w;~r~~lj;wk~g(w 1~1,11X’21) iiIIrl !)lll:ll) III;II, w(’r(’ (l~Iv(Il(Ilj~I(I I’(jr lll(~tor llli~rll](;irfllrf’rs
;I;III Illilili(w ill(ll]slri(~s. ‘1’IIvsolllliolls” 10 ltl~’l)r~)l~l(’ills(Iiwllsw’{1 11(’rvsnlis[’y III(* II{IVII

ill 111(’l~l!l!i(’!lI)(wwr collllllllllily f(~r 111(’(ollll~lll;lli(lll of (’1(~(1.lolllilgll(*l,i(Ii(’l(Is ill 1114’



l:. “ricate geometries of generators and power flow channels. In addition, they estab-
lish the usefulness of FLUX2D and PH13D for electromagnetic analysis and design of
pulsed power hardware.

FLUX2D and PH13D

FLUX2D was developed at the Laboratoire D’Electrotechnique de Grenoble by
Jean-Claude Sabonnaditrc, Jean-Louis Coulomb, Bernard Morel and other researchers
and software engineers of the group Model isation et CA0.2 It is a CAD package con-
sisting of several modules of computer codes that perform electromagnetic and thermal
analysis in planar and =isymmetric geometries. The geometry of the device to be an-
alyzed is entered in the preprocessor module in a conversational mode at the terminal.
This module includes the option of assigning names to the design dimensions so that
the critical dimensions may be studied parametrically. Linear and nonlinear material
properties, the problem definition, and the boundary conditions are assigned in a sec-
ond module. The types of proklems that can be studied with FLUX2D are electrostatic,
magnetostatic, electrodynamics, magnetodynamic, transient magnetic, electroconduc-
tive, steady state and transient thermic, coupled magnetothermic and electrothermic.
In our work, we have used the electrostatic, magnetcstatic, electroconductive and tran-
sient magnetic options. In future work, we will ude the coupled magnetothermic and
electrothermic options so that the temperature dependence of the electrical conduc-
tive is included. The third and fourth modules of FLUX2D are tlke finite element
solver and the postprocessor, There are also auxiliary modules for the creation and
maintenance of a material properties data baie and for parametric studies,

FLUX2D obtains solutions for the above problems using the finite element
rricthod. z For planar, static fields, the two di,nensional Poisson equation

W3+:Y(%)+‘=0
is solved with the boundary conditions appropriate to the problem. !n this code, the
available boundary conditions ~rc Dirichlct, Neumann, cyclic, anticyclic, translation,
and floating potential, In electric field problems, the solution variable @ is the electric
scalar potential, A is the electric pcrmittivity, and / is the charge density. In mag-
rletic field problems, the solution variable @ is the z-directed component of the vector
potential, A is the inverse of the magnetic permeability, and ~ ia the z component of
the current density, Ilcre, f and J may depend on the spati~l variablce z and V, and
J may also vary with #, thr gradient of #, or the curl of ~, Similar formulations arc
used for axisyrnmctric, trah:iirnt, and dynamic problcmsc

1)11131) Bolvcs Maxwell’s equations for clrctrostatir., tl]ognrto~tat,ic, RII(I high frr-
qucncy magllctodynarnic problems in thrrc dimensions by LJIC t)oun(l~ry Plvltlvllt
mctllorl.3’4 For tllc ~cnlnr potvntid f$, it Holvtw l,npltwc’s equation,

Ag!J O ,



over surfaces and interfaces. PH13D is a CAD package similar to that of FLUX2D. !t
was developed at the Laboratiore d’Electrotechnique de Lyon,

Two Dimensional Transient Magnetic Field Problcrn——

An axisymmetric, two-dinlensional moclcl of a helical compressed magnetic field
generator was studied with FLUX2D. This generator consists of a stator of four winding
sections, each with a different pitch and wire size, copper end rings, and an aluminum
armature. The applied signal ramped from O to 1 volt/ mete~ in 136 x 10-6 seconds,
We show, in Fig. 1, lines of equal flux and, in Fig. 2, the rr,agnctic field vectors for
sections of the generatcr at the 20 x 10–6 seconds.

An Eddy Current Problem

In several helical generator designs, the stator coil consists of turns of parallel
wires, At the beginning of each winding section, the number of parallel wires is doubled,
In this problem, we computed the eddy cur:ents in the section of the armature beneath
this bifurcation point. The results in Fig 3 show the expected increme in width of the
eddy current region when the number of parallel wires is increa”cd from one to two.

The Three-Dimensional Electrostatic Probler,l

In an explosively formed fuse switching system designed foi current diversion in
a power now channel, six conductive posts connect the inner and outer cy lindcr~ of
a three cylinder power flow channel through holes in the middle cylinder. For this
systcm, we computed with PH13D the electrostatic fields in the region of one of the
posts, 9V utilizing the six-fold symmetry, we needed t~ model only one sixth of the
system. The problem geometry and the potentials of the post and the inner channel
walls are shown in Fig. 4, Figur= 5 and 6 are cross scctionnl views of the potential
and electric field within the power flow channel. Th,c rcsult~ of these calculations are
used to determine regions of probable electric breakdown,

CONCLUSIONS

The three problems prcscntcd here arc examples of the application of FLUX211 and
1’111~~1)to electric and magnetic field problems of compressed rnngnctic field generators
nnd power flow channels, ‘I’hey form a foundation from which spcci!ic generators and
chanilcls may bc ntudicd through tbc modification of dimensions a:]d the inclusion of
drtailcd current histories and applied potentials, ‘1’hc cww of umc and the detail of the
results establish l’l,UX21) arid 1)lli31) to ho of great utility in tt)c dvsign md annlysis
of sllc]l g(lllOrilt{)rs 1111(1 powpr floW C]IMIIIIVIS,
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FICURE CAPTIONS

Fig. 1. Lines of equal flux in a helical generator for a signal that increases linearly
from O to 1 V/m in 136 psecs. This problcm simulates the effect of the loading cur-
rent and is useful is specifying the state of the generator before detonation.

Fig. 2. Magnetic field vectors in each finite element in a section c~ the generator
shown in Fig. 1. The rnagnit!lde and orientation of the field is given by the size and
direction of the vectors. The presence of vectors inside the armature and the coil
wires show the diffusion of the field and current into these regions.

Fig. 3. Eddy currents in an armature section beneath a wire bifurcation point from
a PIii3D calculation. This three dimensional prob!em is part of a complete study of
the field and currents in helical generators.

Fig. 4. The potentials inside the post-hole convolute of an explosively formed fuse
switching system for a PH13D calculation. To obtain this cut away view, several out-
side surfaces were specified as transparent, and only the outline of the transparent
surface.a are shown. In this calculation, tile proper cur~atures of the hole in the mid-
dle cylinder, of the connection between the post and the cylinder walls, and of the
lower flar.gea are included,

Fig. 5. The electric potential between the post and the cylinder walls of the post
hole convolute from a PH13D calculation of an approximation of the systcm s}.own
i~ the Fig, 4, In thig C-OSSsectional view, the center line Iics to the left of the plot,
The cylinder walls are vertical, The post is horizontal. To dccrc~c the computer
time necessary to complete t!lis problem, the curvatures of the hole and the post
connections were approximated, so that the hole in thig view is bounded by the V-
shaped lines. The potential outside of tllc systcm is also shown,

Fig. 6 The electric field bctwccn t}]c post and the cylinder walls in an enliirgcrncnt.
of the cross section shown in Fig, 5. Ilcrc the plot is rcw-rsml with the cent.cr Iinc to
tt)c right of the figure, The ma~nitudc mlId the orientation of the field is spccificd hy
the s)lading and the direction of the cones.
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