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ABSTRACT

A computer code, MIG, has been developed to
Interface the aagnet design and the three
dimensional Monte Carlo code HCNP to perform
neunronlc8 design analyses. NIG prepares all
the required HCNP cells and surfaces to
simulate the magnets described In EFFI
Input. Extra zones with different aaterlals
could be added to envelop or divide the
winding packs of the magnets. Examples of the
Input and output of M1G used by HCNP are given
to Illustrate the different capabilities of
MIG.

INTRODUCTION

In all of the magnetic fusion reactor
designs, data transfer Is 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 these
difficulties and to aake the design process
consistent and accurate, an Interface computer
code(s) should control these processes. The
naln functions of Che lnterface(s) are to pre-
pare Input, Interpret output, and make output
available as Input for other code(s) which
needs the data. Thus, It appears that the
Initial step In developing this capability Is
to Interface Input/output of the different
codes Involved In the design process. Once
these Interfaces are established, the con-
struction of one design code to control the
reactor design process and drive the subsystem
design codes would be possible.

This design code can be used In an Itera-
tive scheme to perform a paramatrlc survey or
design study but It would b« too expensive and
Impractical. Thus, Che existence of such a
code would not eliminate Che need for systems
codes such as Che Tokamak Systems Code or Che
Tandem Mirror Reactor System Code developed at
the national laboratories. Usually these sys-
tems codes contain simplified models for
plasma physics, magnets, ate. which allow am
Inexpensive parametric survey to choose Ini-

tial design parameters. The design point
resulting from the system code should then be
examined and verified by the design code.

As a first step, two computer codes were
developed which provide Interfaces beCween
aagnet, neutronlcs, and stress analysis
codes. The first one Is NIG1 (Nastran _Input
generator), which establishes the Interface
between the magnet design code EFFI' and Che
stress analysis code NASTRAN. The second
code, che subject of this paper. Is MIG (HCNP
Jnput ^Generator). MIG provides Che Interface
between the conductor geometries used by the
EFFI code, ' the structure requirements as
defined by Che NASTRAN analyses, and Che
magnet geometrical models used by HCNP.

Figure 1 shows the data transfer process
between magnetics structure analyses and neu-
tronlcs established by NIG and MIG. The EFPI
Input describes Che conducCor specifications
for che magnets which are used by MIG Co
generate Che MCNP Input modeling Che mag-
nets. Other components of the magnets Cease,
Insulator zone, dewar, etc.) calculated or
specified as Input daCa arc Modeled explicitly
by KIG for HCHP calculations.

A magnet Is deflosd In EPFZ to be a group
of conducCor elements. These elements could
be circular arcs and/or scralghc segments with
reccangular cross sections. MIG uses all per-
tinent element quantities as defined for EFFI
to generate Che surface equations of each ele-
ments. Then, MIG sorts these surfaces, forms
one cell for each conducCor clement according
Co the KCNP rules, and combines the different
cells of each coll in one cell describing the
i.'lndlng pack. Also, MIG can add envelopes or
divide che winding pack for aach coil Co simu-
late the coll case, thermal Insulator gap, and
coll dewar If desired. Material number and
density can be assigned for aach envelope as
well as for the winding material. This pro-
cedure produces a complete geometrical sole I
for MCNP Co us*. Itotslla of this procedure
arc given below, followed by a few examples
for Illustration purposes.
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Fig. 1. Data transfer flow chart between
nagnetlca, structure analyses, and neutronlcs
established by NIG and MIG.

GEOMETRY IN EFFI AND MCNP

To describe how MIG works. It Is con-
structive to show how a coll could be pre-
sented In EFFI, and how geometries are
described In MCNP. The readers should refer
to references 2 and • for sore details about
EFFI and MCNP.

Aa mentioned before, a coll In F.FFI con-
sists of one or sore elements. The different

types of elements are loop, arc, and general
current element (GCS). The loop Is specified
by Its center (x,y,z), the radius (a), the
Euler orientation angle (a,8), the axial, and
the radial dlaenslons of Che conductor cross
section (sl,s2).

The arc la described In the sane way with
Che addition of the starting acid the ending
angles of the arc (6.,4,). Figure 2 shows all
the above variables necessary to describe a
loop or arc eleaent.

Figure 3 shows the variables used to
describe a GCB. These are the centrold
coordinates (x,y,r), the Euler angle
(o,6,t), the width, the thickness, and the
length of the eleaent (sl,s2,s3). There Is
another type of GCE In EFFI which ie not
considered In the present version of MIG,
since most of the fusion magnets can be
constructed by using the above elements.
However, the Inclusion of this GCE In HIG Is
simple.

Similar co EFFI elements, "cells" are
used by MCHP to define any geometrical object.
A cell is bounded by first- or second-degree
surfaces and Is defined by the Intersections,
the unions, and the complements of the regions
bounded by these surfaces. Thus, the basic
entitles used In MCNP to describe an object
are the surfaces bounding this object. In
addition, the regions outside the objects or
the regions between different objects should
be defined in the aaae way. A complicated
body can be defined by unions, Intersections,
and complements of cells within the body
Instead of defining the whole body as one
complicated cell.

To model a coll given In EFFI Input to
MCNP, HIG generates all Che surfaces bounding
each EFFI element; each surface has an Identi-
fication number. Next, MIG sorts these sur-
faces and checks if any of theee surfaces had
already been generated. In such a case, MIG
disregards that surface(s) and uses Che old
one(s).

This step Insures that no redundancy In
surfaces could occur and the minimum number of
surfaces la used to model Che elements. A
cell Is formed for each element and the union
of all cells Is made to generate the coll.

EXAMPLE OF ARC TRANSFORMATION

The arc shown In Fig. 2 is considered to
describe Che sequence of the process described
above. There are two cylinder*, and four
planea bounding this are. Tha first «t«p 1« co
ceC up Che coordinate transformation matrix
from the local arc coordinate system Co Che
global one. Given the Euler angles a, S, and
Y, (Y-0 for arcs), the elements of chls
matrix are:



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

T( 1,1 )-cosYXCosa-cosBxslnaxslny
T(l,2)"-ainYXCOBo-cos8xsinaxcosy
T(l,3)-slnBx&lna
T( 2,1)-C08YX8 ina+cosSxcosaxslny

T(2,2)»- slirrxsina+cosBxcosaxcosY
T( 2,3)—BlnBxcosa
TO.D-slnyxsinB
T(3,2)-coaYXsinB

T(3,3)-cosB

The direction cosines of Che arc axis
l,n,n (0,0,1 In the local coordinates) can be
evaluated using the matrix T. The general
equation of a cylindrical surface can be
written as follows:

AX2+BY2+CZ2+DXY+EYZ+FZX+GX+HY+KZ+L-O .

Given the direction cosines of the cylinder
axis l,»,n and the coordinates x,y,z of a
point on Its axis, the coefficients of this
equation can be evaluated as follows:

A - n2 + a 2

B - n2
 + I2

C - « 2 • I2

D - -21a

E - -2na

F - -21n

G - -2(n2+a2)x + 2nlz + 21my

H - -2(n2+l2)y + 2anz + 21nx

K - -2(»2+l2)z + 2«ny + 2nlx

L - x2(a2+n2)+y2(l2+n2)+z2(l2-!-a2)-

-2anyz-2nlsx-21axy-r2

where r Is Che radius of Che cylinder. Only
the last coefficient differs for cylinders of
conaon axis. Thus, It Is straightforward to
evaluate the coefficients of the two cylin-
drical surfaces bounding Che arc If the
cylinder axis Is parallel to one of the

. principal axes, simpler foras recognized by
* HCNP are used.

The coefficients of the upper and the
lower planes bounding Che arc at a right angle
with its axis can be evaluated by using the
direction cosines (l,»,n) and the coordinates
of a point on each. Similarly, the coeffi-
cients of Cha regaining bounding planes could
be computed using the noraals and the coordi-
nates of a polnc on each plane.

The components of Che noraals Co these
planes In Ch* local arc coordinate systea are

Fig. 3. GCE variables from Ref. 2.

cos(4. or
the Cranafo'

• , ) , sin <•, or +,)
formation nafrlx T,

ind 0. Using
Che 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 include all the
layers that could possibly envelop the winding
pack In a real magnec, e.g. case, Insulator,
deuar, etc., a simple Instruction could be
added In front of the coll 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 model these layers. The
winding pack Itself could be divided into no re
than one zone using the same procedure. This
could be beneficial in determining a certain
nuclear response (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 has a slnple
solenoid with the following dimensions: a ISO
cm Inner radius, a 450 cm outer radius, and a
200 cm winding pack length. In this example,
the solenoid axis is the z axis which simpli-
fies the surface equations for MCNP. Table 1
gives the input and the output of the MIG
Interface for this solenoid. The MIG input
consists of an EFFI input with a small addi-
tion to illustrate the material assignments
and the layer option. Records A and 5 in the
MIG Input of Table 1 define the densities for
the two materials used in this example. Mate-
rial 1 Is assigned to the winding pack by
Record 6. The winding pack is assigned a zero
zone number where positive and negative
numbers are given to the zone outside and
inside the winding pack, respectively. Record
7 defines a layer of 10 en thickness of mate-
rial 1 measured from the surface of the
winding pack. The minus sign in front of the
zone number Indicates that this zone is con-
tained inside the winding pack boundaries.
Record 8 defines a vacuum gap (material 0) of
10 co thickness measured from '.he 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 from MIG Is also 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. Figure 4 shows two cross sections
In the colls as plotted by MCNP.

TABLE 1. MIG EXAMPLE FOR THE SOLENOID
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The second example Is the geometrical
model of the end cell of the FPD-I (the Fusion
Power Demonstration, the mirror ETR) developed
for the neutronlcs analyses5. Figure S shows
the six Cee colls of the end cell as defined
:*n the EFFI Input and the geometrical mode!
generated by MIG and plotted by MCNF. In this
model, a snail layer In the winding pack, a
vacuum gap, and a coil case are Included for
each coil. Also, a shielding zone was added
to the MIG output between the coll and the
plasma for the coll protection. In this
model, one quarter of the geometry is modelled
to take advantage of the symmetry as shown in
Fig. 5; this is another feature of MIG. In
fact, the user hes the choice of utilizing the
symmetry In the geometry around any of the
main planes to save on the nuaber of cells and
surfaces used by HCNP to model the geometry.

CONCLUSIONS

The MIG code was developed to interface
the magnetics and the neutronlcs analyses. It
provides an accurate three-dimensional



CASE

Cross Section In z - 0 Plane
Cross Section
In y • 0 Plane

Fig. 4. KCNP plots resulted from the MIG
geometrical model of the solenoid.

geometrical nodel of the oagnets for the HCHP
calculations. It was used successfully for
the FPD-I design to analyze the difficult
geometry of the end cell.
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Fig. A. MCNP plots resulted from the HIG
geometrical model of the solenoid.

geometrical model of the nagnets for the HCNP
calculations. It was used successfully for
the FPD-I design to analyze the difficult
geometry of the end cell.1
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Fig. 5. FPD-I Cee colls and MCNP plots for the geometrical model generated by MIG.


