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ABSTRACT

A computer code, MIG, has been developed to
interface the magnet design and the three
dimensional Monte Carlo code NCNP to perform
neutronics design analyses. MIG prepares all
the required MCNP cells and surfaces to
simulate the wmagnets described 1in EFFI
input. Extra zones with different materials
could be added to envelop or divide the
winding packs of the magnets. Examples of the
input and output of MIG used by MCNP are given
to {ilustrate the different capabliities of
MIG.

INTRODUCTION

In all of the magnetic fusion reactor
designs, data transfer 1is required between
different subsystem design codes. This pro-
cess requires a great deal of effort and
errors could occur in transferring data from
one or more codes to another. To avoid thesge
difficulties and to make the design process
consistent and accurate, an interface computer
code(s) should control these processes. The
main functions of the interface(s) are to pre-
pare input, iaterpret output, and make output
available as input for other code(s) which
needs the data. Thus, it appesrs that the
initial step in developing this capability fis
to interface input/output of the differemt
codes involved 1in the design process. Once
these interfaces are establighed, the con-
struction of one design code to control the
reactor design process and drive the subsystea
design codes would be possible.

This design code can be used in an itera~
tive scheme to perform a paramstric survey or
design study but it would be too expeausive and
impractical. Thus, the exictence of such a
code would not eliminate the need for systems
codes such as the Tokamak Systems Code or the
Tandem Mirror Reactor Systes Code developed at
the national laboratories. Usually these sya-
tems codes contain seimplified wmodels for
plasas physics, magnets, etc. which allow an
inexpensive parametric survey co choose {ni~-
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tial desigii parameters. The design point
tesulting from the system code should then be
exaained and verified by the design code. ’

Ae a first step, two computer codes were
developed which provide {ianterfaces between
magnet, neutronics, and setress analysis
codes. The first one ts NIG" (Nastran Input
Generator), which establishes the  interface
between the magnet design code 2PPIZ and the
stress analysis code NASTRAN. The gecond
code, che subject of this paper, is MIG (MCNP
Input Generator). MIG provides the interface
between the conductor geosetries used by the
EFFI code, ' the structure Trequirements as
defined by the NASTRAN analyses, znd the
magnet geometricsl models used by MCNP.

Figure 1 shows the dats transfer process
between magnetics structure analyses and neu-
tronics establigshed by NIG and MIG. The EPFFI
input describes the conductor specificstions
for the wmagnets which are used by MIG to
generate the MCNP {input wmodeling the mag-
nets. Other components of the magnets {case,
insulator zone, dewar, etc.) calculated or
specified as input dats are modeled explicitly
by MIG for MCNP calculstions.

A magnet {s definzd fin EFFI to be a group
of conductor elements. These elements couid
be circulst arcs and/or straight segments with
rectangular cross sections. NIG uses all per-
tinent elesent quantities as defined for EFFI
to generate the surface equations of each ele-
ments. Then, MIG sorte these surfaces, foraus
one cell for each conductor element according
to the MCNP rules, and coabines the different
cells of each coifl in one cell describing the
vinding pack. Also, MIG can add en¥2lopes or
divide the winding pack for esch coil to simu-
late the coil cass, thersal iasuletor gsp, and
coil dewar 1if desired. Matsrial number and
density can be szeigned for each envalope ae
well as for the wiading materfal. This pro-
cedure produces 3 complete geometrical wodel
for MCNP to use. Netails of this procedurs
are given below, followed by & few examples
for {1lustration purposes.
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Fig. 1. Data tranafer flow chart between
nagnetics, structure snslyses, and neutronics
established by NIG and MIG.

GEOMETRY IN EFFI AND MCNP

To describe how MIG works, it is con-
structive to show how & coil could be pre-
seated {an EFFI, and how geometries are
described fn MCNP. The readers should vefer
to references 2 and & for more detaila about
EFF1 and MCNP.

48 mentioned before, a coil in FFFIL con-
sists of onez or more elements. The different

types of elexeats are loop, arc, and general
current element (GCE). The loop is specified
by 1its center (x,y,z), the radius (a), the
Euler orientation angle («,3), the axisl, and
the radial dimensions of the conductor cross
section (sl1,82).

The arc is described in the samz way with
the addition of the atarcing and the ending
angles of the arc (4 ,¢,). Figure 2 shows all
the above variables‘ne%esaary to describe a

loop or arc element.

Figure 3 shows the variables used to
describe a GCE. These are che centroid
coordinates (x,y,2), the Euler angle
{a,8,7v), the width, the thickness, and the
length of the element (s1,82,s83). There is
another type of GCE in EFFI which ie not
considered 1in the present version of MIG,
since most of the fusion magnets can be
constructed by using che above elements.
fHiowever, the 1inclusion of this GCE in MIG {s
simple.

Similar to EFFI elements, “cells™ are
uged by MCWP to define any geometrical object.
A cell 18 bounded by first— or second-degree
surfaces and 18 defined by the intersections,
the unions, and the complements of the regions
bounded by these surfaces. Thus, the basic
entities used in MCNP to describe an object
sre the eurfaces bounding this object. In
addition, the regions outside the objects or
the regions between different objects should
be defined in the same way. A complicated
body can be defined by unions, {ntergections,
and rzoaplements of cells within the body
instead of defining the whole body as one
complicated cell.

To wodel a coil given in EFFI input to
MCNP, MIG generates all the surfaces bounding
each EFFl element; each surface has an identi-
fication nuaber. Next, MIG sorts these sur-
faces and checks 1if any of thete surfaces had
already been generated. 1In such & case, MIG
disregards that surface(s) and uses the old
one(s).

This step insures that no redundaacy in
surfaces could occur and the sinimum number of
surfsces 1e used to wodel the elements. A
cell is formed for each element and the union
of all cells ia made to generate the coil.

EXAMPLE OF ASC TRANSFORMATION

The arc shown in Fig. 2 fe counsidered to
describe the sequence of the process described
above. There are two cylinders, and four
planes bounding this arc. The first step is to
get up the coordinate transformatfon matrix
from the local arc coordinate system to the
global one. Given the Euler angles o, 8, and
Y, (y=0 for arcs), the elements of chis
astrix are: .



Fig. 2. Loop or arc variables from Ref. 2.

Fig. 3.

GCE variables from Ref.

2.

T(1,1)=cosyxcosa-cosgxsinaxsiny

T(1,2)=~sinyxcosa-cosBxainaxcosy

T(1,3)=sinBxsina

T(2,1)=cosyxsina+cosfxcosaxsimny

T(2,2)=-sinyxsina+co8s xcosaXCORY

T(2,3)=-sinAxcosa

T(3,1)=sinyxsing

T(3,2)=ccayxaing

T(3,3)=cosB

The direction cosines of the arc axis
l,m,n (0,0,i in the local coordinates) can be
evaluated using the matrix T. The general

equation of a cylindrical surface caa be
written as follows:

AX2+BYZ+CZ24 DXY+EY Z4+PZXAGK-HY+KZ+L=0 .

Given the direction cosines of the cylinder
axia 1,ma,n and the coordinates x,y,z of a
point on 1its axis, the coefficients of this
equation can be evaluated as follows:
A= nl+ n2
-0l +12
- nz + 12
= -21m
= =2na
-21ln
= =2(n2+m?)x + 201z + 2lmy
= -2(n2+12)y + 2mnz + 2lax
- -2(-z+12)z + 2ony + 2nlx
x2(w+n2)+y2(12402)+22(124a2)-
2
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-2mnyz-2nlzx-2lexy-r

where r is the radius of the cylinder. Only
the last coefficient differs for cylinders of
common axis. Thus, 1t 1is straightforward to
evaluate the coefffcients of the two cylin-
drical surfaces bounding the arvec. If the
cylinder axis 1s parallel to one of the
principal axes, simpler foras recognized by
MCNP are used.

The coefficients of the upper and the
lower planes bounding the arc at s right angle
vith its axis can be evaluated by using the
direction cosines {1l,m,n) and the coordinates
of a point on each. Simflarly, the coeffi-
cieats of the remaining bounding planes could
be computed using the normala and the coordi-
nates of a point on each plane.

The components of the normals to these
planes (n the local arc coordinate system are
cos(e, or ¢,), sin {§, or ¢,), and 0. Using
the transfolmation matiix T, the corresponding



values of these components in the global
coordinate system could be obtained. Similar
steps could be done for the GCE with all the
bounding surfaces being planes.

ADDING LAYERS

The dimensions given in the EFFI input
are the winding pack dimensions, {i.e. the
current carrying part. To 1include all the
layers that could possibly envelop the winding
pack 1n a real magnet, e.g. case, insulator,
dewar, etc., a simple {nstruction could be
added 1in front of the coil data in the EFFI
input. These instructions control the number
of layers to be added, the thickness, and the
material of each.

Additional surfaces and cells are then
generated by MIG to wmodel these layers. The
winding pack itself could be divided into wmore
than one zone using the same procedure. This
could be beneficial in determining a certain
nuclear rtesponse (e.g. nuclear heating) in
different parts of the winding pack.

ILLUSTRATIVE EXAMPLES

Two examples are discussed to illustrate
the use and the main features of the MIG
interface. The first example haa a simple
solenoid with the following dimensions: a 150
cao inner radius, a 450 cm outer radius, and a
200 cm winding pack length. In this example,
the solenoid axis 1is the z axis which simpli-~
fies the surface equations for MCNP. Table 1
gives cthe 1input and the output of the MIG
interface for this solenoid. The MIG input
consists of an EFFl input with a small addi-
tion to 1illustrate the wmaterial assignments
and the layer option. Records 4 ard 5 in the
MIG input of Table 1 define the densitiea for
the two materials used in this example. Mate-
rial 1 {iz assigned to the wiunding pack by
Record 6. The winding pack is asaigned a zero
zone nuaber where positive and negative
numbers are given to the zone outside and
ingide the winding pack, respectively. Record
7 defines a laver of 10 ca thickness of mate-
rial 1 wmeagured from the sgurface of the
winding pack. The minus sign in front of the
zone nuaber {indicates that ¢this zome 18 con-
tained inside the winding pack boundariea.
Record 8 defines a vacuum gap (material 0) of
10 cm thickness wmeasured from the surface of
the winding pack. This gap is located outside
the winding pack as indicated by the positive
sign of the zone number. Record 9 defines a
case for the winding of 10 cm thickness of
material 2. The output froam MIG is algso shown
in Table 1. Cells 1 and 2 are the winding
pack dividing to two sections as defined in
the MIG input. Cell 3 is the vacuum gap and
Cell 4 is the case. Cells 5 and 6 are the
inner and the outer space surrounding the
solenoid. PFigure 4 shows two cross sections
in che coils as plotted by MCNP.
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MIG EXAMPLE FOR THE SOLEKROID
SAMPLE CASE

TABLE 1.

Pleg P2e«1.0E-128

H

MATE 1 1.8

MATE 2 1.9

ZONE &

ZONE -1
1
2

5.9 3.9 9.9 2.8 8.0 8.752.83.81.5€-963
(END OF SOL)
s

:-LINE 881 K81 8. .85 S50. €

MIG INPUT

HESSAGE: 114
SAMPLE CASE
1

4 colle NO= NO 1IN REG 1
T 1.908 < ’ -18 -7 ")
2 | 1.888 (t 13 -14 -11 12)
« -9: 183 7 -2))

E N t 17 -18 -15 16)
€ =13 14s e -12))

« 2 1.088 19 -28 -5 6)
=17 181 15:  -16))
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-1 6 -5

6 9 1 S:s -6

1 €z (37 ]

5 r2 128.8688

62z -128.9988

c COIL= HO= 1 ,HO 1 IN REGC 1
702
s rz
s Cz

13 2
11 rZ
12 r2
13 €2 1S4. 9088
14 ¢Z i58.9098
15 #2 : 118.9988
16 #2 ~118.0888
17 €2 149.9888
18 ¢€Z [t
13 ¢Z 138
28 ¢z 479.9098
HODE #
[ @w
MIG OQUTPUT
The second example 1is the geometrical

model of the end cell of the FPD-I (the Pusion
Power Demonstration, the amirror ETR) developed
for the neutronics analyses’. Figure S shows
the six Cee coils of the end cell as defined
‘n the EFPI 1input and the geometrical mode?
generated by MIG and plotted by MCNP. In this
model, & small layer in the winding pack, a
vacuuz gap, and a coll case are included for
each coil. Also, a shielding zone was added
to the MIG output between the coil and the
plasma for the coil protection. In this
model, one quarter of the geometry ie wmodelled
to take advantage of the symmetry as shown in
Fig. S5; this 1ie another featuce of HIG. In
fact, the user hes the choice of utilizing the
syametry 1in the geometry around any of the
main planes to save on the nuaber of cells and
surfacea used by MCNP to model the geometry.

CONCLUSIONS

The MIG code was developed to intecrface
the magnetics and the neutronics analyses. It
provides an accurate three-dimansional
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Fig. 4. MCNP plots resulted from the NIG
geometrical model of the solenoid.
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geometrical model of the magnets for the MCHP
calculations. It was used successfully for
the FPD-1 design to analyze the Jdifficult
geometry of the end cell.
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calculations. It was used successfully for
the FPD-1 design to analyze the difficult
geometry of the end cell.
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