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Athena-I CUBIT Journal Files

Bradley Gladden, Jerawan Armstrong, Karen Kelley

1 Introduction

The Monte Carlo N-Particle (MCNP)1 transport code version 6 (also known as MCNP6) has the
capability for tracking particles on unstructured mesh (UM) geometry models embedded into con-
structive solid geometry (CSG) cells [1]. This feature has been developed for performing calculations
of complex geometry models because manually creating CSG models is a time-consuming and error-
prone process as the complexities of geometries increase.

The UM capability was originally designed to work with UM models created with the Abaqus
software [2] and ASCII input files that it generates. The MCNP code version 6.0 and later can
process UM models formatted as Abaqus input files. Starting with version 6.3, MCNP can also
process HDF5 mesh input files. External codes must be used to generate Abaqus input files for
MCNP UM calculations. CUBIT, the Sandia National Laboratory automated mesh generation
toolkit, can generate a UM model formatted as an Abaqus input file [3]. However, the Abaqus
input files exported from CUBIT cannot be used for MCNP simulations because it lacks the proper
syntax. A Python script was developed to convert an Abaqus file created by CUBIT to an Abaqus
file format that MCNP can process [4].

Creating UM models for complex geometries is not an easy task. The process of creating UM
models in CUBIT for MCNP simulations is detailed in [4]. CUBIT provides several user interface
options including a graphical user interface (GUI) and a command line interface. A GUI provides
an easy way to use CUBIT without learning the CUBIT command syntax. When using CUBIT
with either interface option, command lines are written into an ASCII file known as a journal file;
this journal file can be edited and archived so that it can be played back in CUBIT to automatically
generate a UM model.

This report describes the CUBIT journal files of the UM models developed for Athena-I. The
Athena platform, an energy-tuning assembly, was developed to spectrally shape the National Ignition
Facility (NIF) deuterium-tritium fusion neutron source to a thermonuclear (fusion) plus prompt
fission neutron spectrum with capability to act as a short-pulse neutron source. MCNP6 was used
for the Athena experiment design analysis [5]. An MCNP CSG input file of the Athena-I model is
publicly available at https://data.mendeley.com/datasets/bnvh2btjp3/1. Based on this CSG
input file, an Athena-I geometry model is created in CUBIT. This solid geometry is then meshed
using two UM types: tetrahedral and hexahedral.

2 Athena Geometry Creation

Based on the MCNP CSG model, two primary methods in CUBIT are used to create Athena-I parts.
Using a GUI, the Athena-I parts are built by using (i) geometry primitives (frustum and cylinder)
to create shapes that are then modified and combined to create 3D volumes, or (ii) bottom-up
geometry creation where vertices, curves, surfaces, and bodied are created to form 3D volumes.
When executing CUBIT in a GUI mode, geometry creation commands are written into a journal
file that is later edited to add comments and remove unnecessary commands.

Many parts of the Athena-I CUBIT model are built using the geometry primitives of frustrum
and cylinder commands. However, some parts are created using the bottom-up geometry creation
in which vertices are drawn and connected by surfaces that are then lofted into a volume. This is a
technique used when the Athena-I CSG file that the model is based on has a geometry defined by
vertices, typically when MCNP macrobodies are used to define cells.

1MCNP® and Monte Carlo N-Particle® are registered trademarks owned by Triad National Security, LLC,
manager and operator of Los Alamos National Laboratory for the U.S. Department of Energy. Any third party
use of such registered marks should be properly attributed to Triad National Security, LLC, including the use of
the ®designation as appropriate. Any questions regarding licensing, proper use, and/or proper attribution of Triad
National Security, LLC marks should be directed to trademark@lanl.gov. For the purposes of visual clarity, the
registered trademark symbol is assumed for all references to MCNP within the remainder of this report.
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A final version of the CUBIT journal file for creating the Athena-I model is attached . The
solid Athena-I model created by this journal file is shown in Figure 1 and used to create the UM
tetrahedral and hexahedral models described in Section 3 and 4, respectively.

Figure 1. Athena-I Solid Geometry created in CUBIT

3 Athena Linear Tetrahedral Model

A linear tetrahedral element has 3 faces and 4 nodes at the vertices. To prepare the geometry for
meshing, all volumes are imprinted and merged. Imprinting geometry is necessary to ensure that
touching geometries will have identical mesh patterns. The merge command is then used to merge
the touching geometries into one, typically by combining coincident surfaces. The entire model is
meshed with tetrahedral elements to create a contiguous mesh between each volume. Although this
is not required for the model, the tetrahedral shape easily conforms to complex geometry creating a
cohesive mesh pattern. This tetrahedral model has 165,089 elements. The mesh can also be refined
in volumes of interest, such as the foils and thermoluminescent detectors (TLDs), where the tallies
are calculated in MCNP. The automatic sizing of the tetrahedral mesh in CUBIT for this model
creates a fine enough mesh in these locations for the volume difference between the geometry and
the mesh to remain within 3%, which is typically sufficient for the UM analysis in MCNP. A sample

CUBIT Python script used to check volumes is attached .

(a) Isometric view of Athena-I Tetrahedral Mesh (b) Cross-sectional view of Athena-I Tetrahedral Mesh

Figure 2. Athena-I Tetrahedral Mesh

Mesh generation is typically an iterative process. If a mesh quality is not good enough, a mesh
may be deleted and a different technique should be used. Several mesh quality metrics are available
in CUBIT, but currently it is unknown if these quality metrics are applicable to mesh models
for MCNP UM simulations. The solid and meshed volumes should agree as much as possible (≤
3%). The Jacobian should be positive, as elemental volumes and Jacobian are used by the MCNP
UM tracking methods. Thus we ensure that the Athena-I UM tetrahedral and hexahedral models
pass the volume and Jacobian metrics. After a mesh has passed quality metrics, the next steps
in CUBIT include (i) creating materials, (ii) creating blocks and assigning materials to the blocks,
and (iii) exporting a UM model as an Abaqus input file. This Abaqus input is later processed by
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reset

# Athena-I: Solid Model
# Author: Bradley Gladden
# This model is based on the Athena-I CSG MCNP input file that is
# available at https://data.mendeley.com/datasets/bnvh2btjp3/1. 

# -----------------
# Create Geometries
# -----------------

# -----------------
# Outside Cone
# -----------------

#Cell=Cone, Surface=Outer Body Athena
create frustum height 19.202 radius .855 top 15.281
rotate volume 1 about origin x direction z angle 90
rotate volume 1 about origin z direction z angle 90
move volume 1 x 18.601

#Cell=Cone, Surface=Inner Body Athena
create frustum height 18.502 radius .765 top 14.378
rotate volume 2 about origin x direction z angle 90
rotate volume 2 about origin z direction z angle 90
move volume 2 x 18.951

subtract volume 2 from volume 1

#----------------
# Cover Bottom
#----------------

#Cell=cover bottom, Surface=Cover
create cylinder height .6 radius 16.708
rotate volume 3 about origin x direction z angle 90
rotate volume 3 about origin z direction z angle 90
move volume 3 x 28.502

#----------------
# Rectangular Covers
#----------------

#Cell=Cover Adapter Surface=Mount (15)
create vertex 30.202 -9.1 -11 
create vertex 29.502 -9.1 -11 
create vertex 30.202 -9.1 11 
create vertex 29.502 -9.1 11 
create vertex 30.202 9.1 -11 
create vertex 29.502 9.1 -11 
create vertex 30.202 9.1 11 
create vertex 29.502 9.1 11                         
create surface vertex 12 10 14 16              
create surface vertex 13 15 11 9               
create volume loft surface 13 14	#vol 6                

#Cell=mount Surface=mount (16)
create vertex 31.132 -8.7 -10.975 
create vertex 30.202 -8.7 -10.975 
create vertex 31.132 -8.7 10.975
create vertex 30.202 -8.7 10.975
create vertex 31.132 8.7 -10.975
create vertex 30.202 8.7 -10.975
create vertex 31.132 8.7 10.975
create vertex 30.202 8.7 10.975
create surface vertex 28 32 30 26  	
create surface vertex 27 31 29 25	
create volume loft surface 21 22	#vol 9

delete body 4				#cleanup
delete body 5
delete body 7
delete body 8

#----------------
# Cover Top
#----------------

#Cell=Cover top Surface=Cover,Cover plug fill
create cylinder height .186 radius 13.5
rotate volume 10 about origin x direction z angle 90
rotate volume 10 about origin z direction z angle 90
move volume 10 x 28.109

#Cell=cover top Surface=Cover bottom mount
create cylinder height .6 radius 13.500
rotate volume 11 about origin x direction z angle 90
rotate volume 11 about origin z direction z angle 90
move volume 11  x 28.502

#Cell=Cover top Surface=Cover,Cover front/back
create cylinder height .7 radius 16.708
rotate volume 12 about origin x direction z angle 90
rotate volume 12 about origin z direction z angle 90
move volume 12 x 29.152

#----------------
# Drawer
#----------------

#Cell=Drawer case, Surface=Outside drawer RPP (60)
create vertex 20.53 -2.7 0 
create vertex 19.65 -2.7 0
create vertex 20.53 -2.7 11.5
create vertex 19.65 -2.7 11.5
create vertex 20.53 2.7 0
create vertex 19.65 2.7 0
create vertex 20.53 2.7 11.5
create vertex 19.65 2.7 11.5                         
create surface vertex 50 48 52 54             	
create surface vertex 51 53 49 47            	
create volume loft surface 38 39	#vol 15

subtract volume 15 from volume 1 #creating space in body for drawer

create volume loft surface 38 39 #have to loft again to recreate drawer, becomes vol 16

delete body 13				#cleanup
delete body 14

#Cell=Drawer case Surface=Drawer foils RCC
create cylinder height .880 radius 2.7
rotate volume 17 about origin x direction z angle 90
rotate volume 17 about origin z direction z angle 90
move volume 17 x 20.09

unite volume 16 17			#combine outside drawer to foils area, becomes vol 16

#Cell=Drawer handle mount, Surface=Drawer handle mount
create vertex 21.59 -3.75 7.8
create vertex 18.59 -3.75 7.8
create vertex 21.59 -3.75 12
create vertex 18.59 -3.75 12
create vertex 21.59 3.75 7.8
create vertex 18.59 3.75 7.8
create vertex 21.59 3.75 12
create vertex 18.59 3.75 12                         
create surface vertex 84 82 86 88          	
create surface vertex 85 87 83 81           		
create volume loft surface 64 65	#vol 20

delete body 18				#cleanup
delete body 19

#connecting drawer handle mount to drawer case
subtract volume 16 1 from volume 20 keep
split  body 21
delete volume 20 21 22			#Drawer handle mount becomes vol 23

#Cell=Drawer handle, Surface=Drawer handle outer
create vertex 20.39 -2.1 12
create vertex 19.79 -2.1 12
create vertex 20.39 -2.1 15
create vertex 19.79 -2.1 15
create vertex 20.39 2.1 12
create vertex 19.79 2.1 12
create vertex 20.39 2.1 15
create vertex 19.79 2.1 15                         
create surface vertex 134 132 136 138          		
create surface vertex 135 137 133 131           		
create volume loft surface 96 97

#Cell=Drawer handle, Surface=Drawer handle inner
create vertex 20.39 -1.5 12
create vertex 19.79 -1.5 12
create vertex 20.39 -1.5 14.4
create vertex 19.79 -1.5 14.4
create vertex 20.39 1.5 12
create vertex 19.79 1.5 12
create vertex 20.39 1.5 14.4
create vertex 19.79 1.5 14.4                         
create surface vertex 150 148 152 154       	
create surface vertex 151 153 149 147           		
create volume loft surface 104 105
			
subtract volume 29 from volume 26	#handle becomes vol 26

delete body 24	#cleanup
delete body 25
delete body 27
delete body 28

#inserts in drawer

#Cell=W insert, Surface=W insert
create vertex 20.35 -2.5 1.3
create vertex 19.8 -2.5 1.3
create vertex 20.35 -2.5 11.3
create vertex 19.8 -2.5 11.3
create vertex 20.35 2.5 1.3
create vertex 19.8 2.5 1.3
create vertex 20.35 2.5 11.3
create vertex 19.8 2.5 11.3                         
create surface vertex 174 172 176 178          	
create surface vertex 175 177 173 171        	
create volume loft surface 119 120	#vol 32, will change to remove screw holes

#Surface=Inner drawer area (air)
create vertex 20.38 -2.55 0
create vertex 19.8 -2.55 0
create vertex 20.38 -2.55 11.35
create vertex 19.8 -2.55 11.35
create vertex 20.38 2.55 0
create vertex 19.8 2.55 0
create vertex 20.38 2.55 11.35
create vertex 19.8 2.55 11.35                         
create surface vertex 190 188 192 194          	
create surface vertex 191 193 189 187        	
create volume loft surface 127 128	#vol 35 (air, will be deleted)

delete body 30	#cleanup
delete body 31
delete body 33
delete body 34

#Surface=Foil Region (air)
create cylinder height .58 radius 2.55
rotate volume 36 about origin x direction z angle 90
rotate volume 36 about origin z direction z angle 90
move volume 36 x 20.09			#air, will be deleted

#Cell=Screw mounts, Surface=Screw hole 1	
create vertex 20.38 -2.55 4.37
create vertex 19.8 -2.55 4.37
create vertex 20.38 -2.55 5.45
create vertex 19.8 -2.55 5.45
create vertex 20.38 -1.47 4.37
create vertex 19.8 -1.47 4.37
create vertex 20.38 -1.47 5.45
create vertex 19.8 -1.47 5.45                         
create surface vertex 208 206 210 212          	
create surface vertex 209 211 207 205        	
create volume loft surface 138 139	#vol 39

#Cell=Screw mounts, Surface=Screw hole 2	
create vertex 20.38 1.47 4.37
create vertex 19.8 1.47 4.37
create vertex 20.38 1.47 5.45
create vertex 19.8 1.47 5.45
create vertex 20.38 2.55 4.37
create vertex 19.8 2.55 4.37
create vertex 20.38 2.55 5.45
create vertex 19.8 2.55 5.45                         
create surface vertex 224 222 226 228          	
create surface vertex 225 227 223 221        	
create volume loft surface 146 147	#vol 42

subtract volume 36 39 42 from volume 32 keep	#w insert becomes vol 43
delete volume 32
subtract volume 35 36 from volume 16	#drawer case becomes vol 44

delete body 37				#clean up
delete body 38
delete body 40
delete body 41

#----------------
# Athena Components
#----------------

#Cell=Zr cone, Surface=Zr cone
create frustum height 6.7 radius .715 top 5.615
rotate volume 45 about origin x direction z angle 90
rotate volume 45 about origin z direction z angle 90
move volume 45 x 13.05

#Cell=W-1 cone, Surface=W-1 cone
create frustum height 2.980 radius 5.605 top 7.795
rotate volume 46 about origin x direction z angle 90
rotate volume 46 about origin z direction z angle 90
move volume 46 x 17.89

#Cell=Al spacer, Surface=Al spacer	
create frustum height .2 radius 7.835 top 7.940
rotate volume 47 about origin x direction z angle 90
rotate volume 47 about origin z direction z angle 90
move volume 47 x 19.5

#Cell=Al-6061 ring, Surface=Outside drawer RPP (67)
create vertex 20.53 -2.9 0 
create vertex 19.65 -2.9 0
create vertex 20.53 -2.9 11.5
create vertex 19.65 -2.9 11.5
create vertex 20.53 2.9 0
create vertex 19.65 2.9 0
create vertex 20.53 2.9 11.5
create vertex 19.65 2.9 11.5                         
create surface vertex 282 280 284 286             
create surface vertex 283 285 281 279            	
create volume loft surface 185 186	#vol 50

delete body 47				#clean up
delete body 48

#Cell=Al-6061 ring, Surface=Al-6061 cylinder inner
create cylinder height .980 radius 3.810
rotate volume 51 about origin x direction z angle 90
rotate volume 51 about origin z direction z angle 90
move volume 51 x 20.09			#will be deleted

#Cell=Al-6061 ring, Surface=Al-6061 cylinder outer
create cylinder height .980 radius 6.340
rotate volume 52 about origin x direction z angle 90
rotate volume 52 about origin z direction z angle 90
move volume 52 x 20.09			#will be deleted

subtract volume 51 from volume 52	
subtract volume 44 50 from volume 52 keep	#creating gap for drawer
delete volume 52			#Al-6061 ring becomes vol 53

#Cell=W-2, Surface=W-2 cylinder inner
create cylinder height .980 radius 6.350
rotate volume 54 about origin x direction z angle 90
rotate volume 54 about origin z direction z angle 90
move volume 54 x 20.09			#will be deleted

#Cell=W-2, Surface=W-2 cone outer
create frustum height 0.980 radius 7.952 top 8.655
rotate volume 55 about origin x direction z angle 90
rotate volume 55 about origin z direction z angle 90
move volume 55 x 20.09

subtract volume 54 from volume 55
subtract volume 44 50 from volume 55 keep	#creating gap for drawer
delete volume 55			#W-2 ring becomes vol 56

#2nd Al-6061 ring   		
#Cell=Al-6061 ring, Surface=Al-6061 inner
create cylinder height .930 radius 3.6
rotate volume 57 about origin x direction z angle 90
rotate volume 57 about origin z direction z angle 90
move volume 57 x 20.065		#will be deleted

#Cell=Al-6061 ring, Surface=Al-6061 outer
create cylinder height .930 radius 3.8
rotate volume 58 about origin x direction z angle 90
rotate volume 58 about origin z direction z angle 90
move volume 58 x 20.065		

subtract volume 57 from volume 58	
subtract volume 44 50 from volume 58 keep	#creating gap for drawer
delete volume 58			#2nd Al-6061 ring becomes vol 59
delete volume 50			#vol used to create gap for drawers

#2nd Al spacer			
#Cell=Al spacer, Surface=Al spacer (cone)
create frustum height .200 radius 8.660 top 8.734
rotate volume 60 about origin x direction z angle 90
rotate volume 60 about origin z direction z angle 90
move volume 60 x 20.68

#Cell=Al spacer, Surface=Al spacer (cylinder)
create cylinder height .200 radius 3.810
rotate volume 61 about origin x direction z angle 90
rotate volume 61 about origin z direction z angle 90
move volume 61 x 20.68

subtract volume 61 from volume 60	#2nd Al spacer becomes vol 60

#Cell=Al spacer plug, Surface=Al spacer(31)
create cylinder height .200 radius 3.800
rotate volume 62 about origin x direction z angle 90
rotate volume 62 about origin z direction z angle 90
move volume 62 x 20.68

#W-3
#Cell=W-3, Surface=W-3
create frustum height 2.310 radius 8.805 top 10.418
rotate volume 63 about origin x direction z angle 90
rotate volume 63 about origin z direction z angle 90
move volume 63 x 21.935

#Cell=W-3, Surface=W-3 inner
create cylinder height 2.310 radius 3.859
rotate volume 64 about origin x direction z angle 90
rotate volume 64 about origin z direction z angle 90
move volume 64 x 21.935

#Cell=W-3, Surface=W-3 plug
create cylinder height 2.260 radius 3.775
rotate volume 65 about origin x direction z angle 90
rotate volume 65 about origin z direction z angle 90
move volume 65 x 21.91

subtract volume 64 from volume 63	#W-3 becomes vol 63

#C
#Cell=C, Surface=C
create frustum height 1.180 radius 10.49 top 11.278
rotate volume 66 about origin x direction z angle 90
rotate volume 66 about origin z direction z angle 90
move volume 66 x 23.68

#Cell=C, Surface=C inner
create cylinder height 1.180 radius 3.859
rotate volume 67 about origin x direction z angle 90
rotate volume 67 about origin z direction z angle 90
move volume 67 x 23.68

#Cell=C plug, Surface=C plug
create cylinder height 1.180 radius 3.800
rotate volume 68 about origin x direction z angle 90
rotate volume 68 about origin z direction z angle 90
move volume 68 x 23.68

subtract volume 67 from volume 66	#C becomes vol 66

#Delrin
#Cell=Delrin, Surface=Delrin
create frustum height 3.270 radius 11.35 top 13.735
rotate volume 69 about origin x direction z angle 90
rotate volume 69 about origin z direction z angle 90
move volume 69 x 25.905

#Cell=Delrin, Surface=Delrin inner
create cylinder height 3.270 radius 3.835
rotate volume 70 about origin x direction z angle 90
rotate volume 70 about origin z direction z angle 90
move volume 70 x 25.905

#Cell=Delrin plug, Surface=Delrin plug
create cylinder height 3.270 radius 3.800
rotate volume 71 about origin x direction z angle 90
rotate volume 71 about origin z direction z angle 90
move volume 71 x 25.905

subtract volume 70 from volume 69	#Delrin becomes vol 69

#Cell=Viton seal, Surface=Viton filler
create cylinder height .476 radius 13.50
rotate volume 72 about origin x direction z angle 90
rotate volume 72 about origin z direction z angle 90
move volume 72 x 27.778

#----------------
# Activation Foils
#----------------

#Cell=Au-1 foil, Surface=Au-1
create cylinder height .005 radius 2.5
rotate volume 73 about origin x direction z angle 90
rotate volume 73 about origin z direction z angle 90
move volume 73 x 20.1525

#Cell=Ni foil, Surface=Ni
create cylinder height .023 radius 2.5
rotate volume 74 about origin x direction z angle 90
rotate volume 74 about origin z direction z angle 90
move volume 74 x 20.1665

subtract volume 74 from volume 73 keep
delete volume 73			#Au-1 foil becomes vol 75

#Cell=In foil, Surface=In
create cylinder height .027 radius 2.5
rotate volume 76 about origin x direction z angle 90
rotate volume 76 about origin z direction z angle 90
move volume 76 x 20.1915

subtract volume 76 from volume 74 keep
delete volume 74			#Ni foil becomes vol 77

#Cell=Al foil, Surface=Al
create cylinder height .073 radius 2.5
rotate volume 78 about origin x direction z angle 90
rotate volume 78 about origin z direction z angle 90
move volume 78 x 20.2415

subtract volume 78 from volume 76 keep
delete volume 76			#In foil becomes vol 79

#Cell=Ti foil, Surface=Ti
create cylinder height .025 radius 2.5
rotate volume 80 about origin x direction z angle 90
rotate volume 80 about origin z direction z angle 90
move volume 80 x 20.2905

subtract volume 80 from volume 78 keep
delete volume 78			#Al foil becomes vol 81

#Cell=W foil, Surface=W
create cylinder height .012 radius 2.5
rotate volume 82 about origin x direction z angle 90
rotate volume 82 about origin z direction z angle 90
move volume 82 x 20.309

subtract volume 82 from volume 80 keep
delete volume 80			#Ti foil becomes vol 83

#Cell=Zr foil, Surface=Zr
create cylinder height .027 radius 2.5
rotate volume 84 about origin x direction z angle 90
rotate volume 84 about origin z direction z angle 90
move volume 84 x 20.3285

subtract volume 84 from volume 82 keep
delete volume 82			#W foil becomes vol 85

#Cell=Mg foil, Surface=Mg
create cylinder height .009 radius 2.5
rotate volume 86 about origin x direction z angle 90
rotate volume 86 about origin z direction z angle 90
move volume 86 x 20.3465

subtract volume 86 from volume 84 keep
delete volume 84			#Zr foil becomes vol 87

#Cell=Au-2 foil, Surface=Au-2
create cylinder height .005 radius 2.5
rotate volume 88 about origin x direction z angle 90
rotate volume 88 about origin z direction z angle 90
move volume 88 x 20.3535		#Au-2 foil is vol 88

subtract volume 88 from volume 86 keep
delete volume 86			#Mg foil becomes vol 89

#Al spacer			
#Cell=Al spacer (toad option), Surface=Al spacer (500)
create cylinder height .350 radius 2.5
rotate volume 90 about origin x direction z angle 90
rotate volume 90 about origin z direction z angle 90
move volume 90 x 19.975			

#----------------
# TLDs
#----------------

#Cell=TLD-100 #1 Space, Surface=TLD-100 #1 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 423 421 417 419 
create surface vertex 422 418 420 424	
create volume loft surface 348 349       #vol 93

#Cell=TLD-100 #2 Space, Surface=TLD-100 #2 space
create vertex 20.15 -.165 1.00
create vertex 20.05 -.165 1.00
create vertex 20.15 -.165 1.33
create vertex 20.05 -.165 1.33
create vertex 20.15 .165 1.00
create vertex 20.05 .165 1.00
create vertex 20.15 .165 1.33
create vertex 20.05 .165 1.33                         
create surface vertex 439 437 433 435
create surface vertex 438 434 436 440	
create volume loft surface 356 357       #vol 96

#Cell=TLD-100 #3 Space, Surface=TLD-100 #3 space
create vertex 20.15 -1.33 -.165
create vertex 20.05 -1.33 -.165
create vertex 20.15 -1.33 .165
create vertex 20.05 -1.33 .165
create vertex 20.15 -1.00 -.165
create vertex 20.05 -1.00 -.165
create vertex 20.15 -1.00 .165
create vertex 20.05 -1.00 .165                         
create surface vertex 455 453 449 451
create surface vertex 454 450 452 456	
create volume loft surface 364 365       #vol 99

#Cell=TLD-100 #4 Space, Surface=TLD-100 #4 space
create vertex 20.15 -.165 -1.33 
create vertex 20.05 -.165 -1.33
create vertex 20.15 -.165 -1.00
create vertex 20.05 -.165 -1.00
create vertex 20.15 .165 -1.33
create vertex 20.05 .165 -1.33
create vertex 20.15 .165 -1.00
create vertex 20.05 .165 -1.00                         
create surface vertex 471 469 465 467
create surface vertex 470 466 468 472	
create volume loft surface 372 373      #vol 102

#Cell=TLD-400 1, Surface=TLD-400 #1
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                         
create surface vertex 487 485 481 483
create surface vertex 486 482 484 488	
create volume loft surface 380 381       #vol 105 Mn

rotate volume 105 angle 45 about x include_merged

#Cell=TLD-400 2, Surface=TLD-400 #2
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                      
create surface vertex 503 501 497 499
create surface vertex 502 498 500 504	
create volume loft surface 388 389       #vol 108 Mn

rotate volume 108 angle 135 about x include_merged

#Cell=TLD-400 3, Surface=TLD-400 #3
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                    
create surface vertex 519 517 513 515
create surface vertex 518 514 516 520	
create volume loft surface 396 397       #vol 111 Mn

rotate volume 111 angle 225 about x include_merged

#Cell=TLD-400 4, Surface=TLD-400 #4
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                          
create surface vertex 535 533 529 531
create surface vertex 534 530 532 536	
create volume loft surface 404 405       #vol 114 Mn

rotate volume 114 angle 315 about x include_merged

#Cell=TLD-400 air fill 1, Surface=TLD-400 #1 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 551 549 545 547
create surface vertex 550 546 548 552	
create volume loft surface 412 413       #vol 117

rotate volume 117 angle 45 about x include_merged

#Cell=TLD-400 air fil 2, Surface=TLD-400 #2 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 567 565 561 563
create surface vertex 566 562 564 568	
create volume loft surface 420 421       #vol 120

rotate volume 120 angle 135 about x include_merged

#Cell=TLD-400 air fill 3, Surface=TLD-400 #3 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 583 581 577 579
create surface vertex 582 578 580 584	
create volume loft surface 428 429       #vol 123

rotate volume 123 angle 225 about x include_merged

#Cell=TLD-400 air fill 4, Surface=TLD-400 #4 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 599 597 593 595
create surface vertex 598 594 596 600	
create volume loft surface 436 437       #vol 126

rotate volume 126 angle 315 about x include_merged

subtract volume 117 120 123 126 from volume 90		

subtract volume 93 96 99 102 from volume 90 keep
delete volume 90
delete body 90 91 93 94 96 97 99 100 102 103 105 106 108 109 111 112 114 115 117 118 120 121 123 124

#Cell=TLD-100, Surface=TLD-100 #1
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                         
create surface vertex 713 711 707 709
create surface vertex 712 708 710 714	
create volume loft surface 508 509       #vol 130

delete body 127 128

#Cell=TLD-100, Surface=TLD-100 #2
create vertex 20.139 -.16 1.005
create vertex 20.05 -.16 1.005
create vertex 20.139 -.16 1.325
create vertex 20.05 -.16 1.325
create vertex 20.139 .16 1.005
create vertex 20.05 .16 1.005
create vertex 20.139 .16 1.325
create vertex 20.05 .16 1.325                         
create surface vertex 729 727 723 725
create surface vertex 728 724 726 730	
create volume loft surface 516 517       #vol 133

delete body 130 131

#Cell=TLD-100, Surface=TLD-100 #3
create vertex 20.139 -1.325 -.16
create vertex 20.05 -1.325 -.16
create vertex 20.139 -1.325 .16
create vertex 20.05 -1.325 .16
create vertex 20.139 -1.005 -.16
create vertex 20.05 -1.005 -.16
create vertex 20.139 -1.005 .16
create vertex 20.05 -1.005 .16                         
create surface vertex 745 743 739 741
create surface vertex 744 740 742 746	
create volume loft surface 524 525       #vol 136

delete body 133 134

#Cell=TLD-100, Surface=TLD-100 #4
create vertex 20.139 -.16 -1.325 
create vertex 20.05 -.16 -1.325
create vertex 20.139 -.16 -1.005
create vertex 20.05 -.16 -1.005
create vertex 20.139 .16 -1.325
create vertex 20.05 .16 -1.325
create vertex 20.139 .16 -1.005
create vertex 20.05 .16 -1.005                     
create surface vertex 761 759 755 757
create surface vertex 760 756 758 762	
create volume loft surface 532 533      #vol 139

delete body 136 137

delete volume 93 96 99 102    #deleting TLD-100 air fills, will be added in mcnp

remove overlap volume 3 11 modify larger
unite volume 10 11 12



#!python
import cubit

# This Python script must be run in CUBIT after a mesh is generated.
# For example, it must be run after an Athena_Hexmesh.jou or Athena_Tetmesh.jou is played.

# Creates a list of all the blocks in the geometry
blocks = cubit.get_entities("block")

# Iterates through the list, adding the solid volume and meshed volume for each block
for b in blocks:
    svol = 0
    mvol = 0
    print()
    print('Block ID ' + str(b))
    vols = cubit.get_block_volumes(b)
    for v in vols:
        svol += cubit.get_volume_volume(v)
        mvol += cubit.get_meshed_volume_or_area("volume", [v])
    diff = (svol-mvol)/svol
    print(svol)
    print(mvol)
    print(diff * 100)



the cubit to mcnp.py script [4] to convert to an Abaqus input file that MCNP can interpret. The
Athena-I tetrahedral model is shown in Figure 2.

A CUBIT journal file of the Athena-I linear tetrahedral model is attached . Note that CUBIT
version 16.10 and earlier generates a different Abaqus input file for each run when using the same
CUBIT journal file, but this CUBIT issue was fixed in version 16.12.

4 Athena Linear Hexahedral Model

A linear hexahedral element has 6 faces and 8 nodes at the vertices. The hexahedral model is
generated from the same 3D solid geometry as the tetrahedral model. However, when imprinting
and merging all volumes, the drawer case is left unmerged due to the intricate shape affecting the
mesh on neighbouring volumes. MCNP requires that the mesh is contiguous within each part, but
the connectivity is not required between parts.

While hexahedral meshing can typically save computing time in MCNP due to the more robust
tracking methods for hexahedral shapes, the process of developing and fitting a mesh is more ex-
tensive than for tetrahedral meshing. Parts that are not immediately meshable require geometrical
alterations to mesh. For the Athena-I hexahedral mesh, several volumes with small surfaces including
the drawer screws, viton seal, the cover bottom and adapter offset, and multiple inner components
are altered to extend an acceptable connecting surface to include the small and unmeshable sur-
faces. Volumes with complex shapes such as the cover top, drawer case, and drawer handle mount
are created by uniting multiple geometries together into one volume. These parts require a sweep
surface modification to create surfaces that are acceptable to mesh together. Most of the Athena-I
parts aside from the foils and TLDs require at least one webcut to break the intricate volumes into
multiple simpler meshable ones. The foils and TLDs, where the tally measurements occur, are small
enough and made of simple enough geometry to generally be meshable without modification. The
mesh is set to be finer in these parts to achieve a mesh with good enough qualities.

The most complex part to prepare is the outside cone shown in Figure 3. The cone has compli-
cations in it, being hollow and containing a hole for the drawer insert. This is solved by webcutting
the cone into several volumes, including cutting out the hole and creating smaller volumes at the
tip of the part to accommodate the slope. This creates a part that is able to be meshed cohesively,
with a finer mesh on the smaller pieces to ensure the mesh qualities are acceptable.

Figure 3. Outer cone of Athena-I Hexahedral Mesh

In all cases of geometry manipulations, the resulting volumes are imprinted and merged to
maintain them as one connected part. Smaller volumes and those where the fluence is of particular
interest (foils and TLDs) are meshed to a finer resolution. The hexahedral model has 1,107,965
elements, which is significantly larger than the tetrahedral model. This is likely due to the conical
shape of the Athena-I geometry being a better fit for a tetrahedral shape in CUBIT since only one
mesh shape is used at a time. Other methods and software may be used to create mixed element
types (i.e., hexahedral and pentahedral shapes). The hexahedral mesh in this case is also finer,
which is necessary to create a quality mesh and ensure the volume difference between the geometry
and mesh are within 3%. As with the tetrahedral model, the attached CUBIT Python script is used
to check these volumes.
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reset

#Athena-I: Tetmesh
#Author: Bradley Gladden
#This model is based on the Athena-I CSG MCNP input file made by Nicholas Quartemont

# The process of creating an Abaqus input file for MCNP include
# 1. Create geometries
# 2. Mesh geometries
# 3. Create materials
# 4. Create blocks
# 5. Export an Abaqus model

# MCNP cannot process an Abaqus file created by this journal file.
# A cubit_to_mcnp.py script must be used to convert this Abaqus input
# file to be an Abaqus input file that MCNP can process. 
# See LA-UR-23-21715 for details.

#------------------
# Create Geometries
#-------------------

#------------------
# Outside Cone
#-------------------

#Cell=Cone, Surface=Outer Body Athena
create frustum height 19.202 radius .855 top 15.281
rotate volume 1 about origin x direction z angle 90
rotate volume 1 about origin z direction z angle 90
move volume 1 x 18.601

#Cell=Cone, Surface=Inner Body Athena
create frustum height 18.502 radius .765 top 14.378
rotate volume 2 about origin x direction z angle 90
rotate volume 2 about origin z direction z angle 90
move volume 2 x 18.951

subtract volume 2 from volume 1

#------------------
# Cover Bottom
#-------------------

#Cell=cover bottom, Surface=Cover
create cylinder height .6 radius 16.708
rotate volume 3 about origin x direction z angle 90
rotate volume 3 about origin z direction z angle 90
move volume 3 x 28.502

#------------------
# Rectangular Covers
#-------------------

#Cell=Cover Adapter Surface=Mount (15)
create vertex 30.202 -9.1 -11 
create vertex 29.502 -9.1 -11 
create vertex 30.202 -9.1 11 
create vertex 29.502 -9.1 11 
create vertex 30.202 9.1 -11 
create vertex 29.502 9.1 -11 
create vertex 30.202 9.1 11 
create vertex 29.502 9.1 11                         
create surface vertex 12 10 14 16              
create surface vertex 13 15 11 9               
create volume loft surface 13 14        #vol 6                

#Cell=mount Surface=mount (16)
create vertex 31.132 -8.7 -10.975 
create vertex 30.202 -8.7 -10.975 
create vertex 31.132 -8.7 10.975
create vertex 30.202 -8.7 10.975
create vertex 31.132 8.7 -10.975
create vertex 30.202 8.7 -10.975
create vertex 31.132 8.7 10.975
create vertex 30.202 8.7 10.975
create surface vertex 28 32 30 26  	
create surface vertex 27 31 29 25	
create volume loft surface 21 22	     #vol 9

delete body 4	#cleanup
delete body 5
delete body 7
delete body 8

#------------------
# Cover Top
#-------------------

#Cell=Cover top Surface=Cover,Cover plug fill
create cylinder height .186 radius 13.5
rotate volume 10 about origin x direction z angle 90
rotate volume 10 about origin z direction z angle 90
move volume 10 x 28.109

#Cell=cover top Surface=Cover bottom mount
create cylinder height .6 radius 13.500
rotate volume 11 about origin x direction z angle 90
rotate volume 11 about origin z direction z angle 90
move volume 11  x 28.502

#Cell=Cover top Surface=Cover,Cover front/back
create cylinder height .7 radius 16.708
rotate volume 12 about origin x direction z angle 90
rotate volume 12 about origin z direction z angle 90
move volume 12 x 29.152

#------------------
# Drawer
#-------------------

#Cell=Drawer case, Surface=Outside drawer RPP (60)
create vertex 20.53 -2.7 0 
create vertex 19.65 -2.7 0
create vertex 20.53 -2.7 11.5
create vertex 19.65 -2.7 11.5
create vertex 20.53 2.7 0
create vertex 19.65 2.7 0
create vertex 20.53 2.7 11.5
create vertex 19.65 2.7 11.5                         
create surface vertex 50 48 52 54             	
create surface vertex 51 53 49 47            	
create volume loft surface 38 39        #vol 15

subtract volume 15 from volume 1 #creating space in body for drawer

create volume loft surface 38 39 #have to loft again to recreate drawer, becomes vol 16

delete body 13	#cleanup
delete body 14

#Cell=Drawer case Surface=Drawer foils RCC
create cylinder height .880 radius 2.7
rotate volume 17 about origin x direction z angle 90
rotate volume 17 about origin z direction z angle 90
move volume 17 x 20.09

unite volume 16 17 #combine outside drawer to foils area, becomes vol 16

#Cell=Drawer handle mount, Surface=Drawer handle mount
create vertex 21.59 -3.75 7.8
create vertex 18.59 -3.75 7.8
create vertex 21.59 -3.75 12
create vertex 18.59 -3.75 12
create vertex 21.59 3.75 7.8
create vertex 18.59 3.75 7.8
create vertex 21.59 3.75 12
create vertex 18.59 3.75 12                         
create surface vertex 84 82 86 88          	
create surface vertex 85 87 83 81           		
create volume loft surface 64 65      #vol 20

delete body 18	#cleanup
delete body 19

#connecting drawer handle mount to drawer case
subtract volume 16 1 from volume 20 keep
split  body 21
delete volume 20 21 22	#Drawer handle mount becomes vol 23

#Cell=Drawer handle, Surface=Drawer handle outer
create vertex 20.39 -2.1 12
create vertex 19.79 -2.1 12
create vertex 20.39 -2.1 15
create vertex 19.79 -2.1 15
create vertex 20.39 2.1 12
create vertex 19.79 2.1 12
create vertex 20.39 2.1 15
create vertex 19.79 2.1 15                         
create surface vertex 134 132 136 138          		
create surface vertex 135 137 133 131           		
create volume loft surface 96 97

#Cell=Drawer handle, Surface=Drawer handle inner
create vertex 20.39 -1.5 12
create vertex 19.79 -1.5 12
create vertex 20.39 -1.5 14.4
create vertex 19.79 -1.5 14.4
create vertex 20.39 1.5 12
create vertex 19.79 1.5 12
create vertex 20.39 1.5 14.4
create vertex 19.79 1.5 14.4                         
create surface vertex 150 148 152 154       	
create surface vertex 151 153 149 147           		
create volume loft surface 104 105
			
subtract volume 29 from volume 26	#handle becomes vol 26

delete body 24	#cleanup
delete body 25
delete body 27
delete body 28

#inserts in drawer

#Cell=W insert, Surface=W insert
create vertex 20.35 -2.5 1.3
create vertex 19.8 -2.5 1.3
create vertex 20.35 -2.5 11.3
create vertex 19.8 -2.5 11.3
create vertex 20.35 2.5 1.3
create vertex 19.8 2.5 1.3
create vertex 20.35 2.5 11.3
create vertex 19.8 2.5 11.3                         
create surface vertex 174 172 176 178          	
create surface vertex 175 177 173 171        	
create volume loft surface 119 120	#vol 32, will change to remove screw holes

#Surface=Inner drawer area (air)
create vertex 20.38 -2.55 0
create vertex 19.8 -2.55 0
create vertex 20.38 -2.55 11.35
create vertex 19.8 -2.55 11.35
create vertex 20.38 2.55 0
create vertex 19.8 2.55 0
create vertex 20.38 2.55 11.35
create vertex 19.8 2.55 11.35                         
create surface vertex 190 188 192 194          	
create surface vertex 191 193 189 187        	
create volume loft surface 127 128	#vol 35 (air, will be deleted)

delete body 30	#cleanup
delete body 31
delete body 33
delete body 34

#Surface=Foil Region (air)
create cylinder height .58 radius 2.55
rotate volume 36 about origin x direction z angle 90
rotate volume 36 about origin z direction z angle 90
move volume 36 x 20.09		#air, will be deleted

#Cell=Screw mounts, Surface=Screw hole 1	
create vertex 20.38 -2.55 4.37
create vertex 19.8 -2.55 4.37
create vertex 20.38 -2.55 5.45
create vertex 19.8 -2.55 5.45
create vertex 20.38 -1.47 4.37
create vertex 19.8 -1.47 4.37
create vertex 20.38 -1.47 5.45
create vertex 19.8 -1.47 5.45                         
create surface vertex 208 206 210 212          	
create surface vertex 209 211 207 205        	
create volume loft surface 138 139	#vol 39

#Cell=Screw mounts, Surface=Screw hole 2	
create vertex 20.38 1.47 4.37
create vertex 19.8 1.47 4.37
create vertex 20.38 1.47 5.45
create vertex 19.8 1.47 5.45
create vertex 20.38 2.55 4.37
create vertex 19.8 2.55 4.37
create vertex 20.38 2.55 5.45
create vertex 19.8 2.55 5.45                         
create surface vertex 224 222 226 228          	
create surface vertex 225 227 223 221        	
create volume loft surface 146 147	#vol 42

subtract volume 36 39 42 from volume 32 keep	#w insert becomes vol 43
delete volume 32
subtract volume 35 36 from volume 16	#drawer case becomes vol 44

delete body 37	    #clean up
delete body 38
delete body 40
delete body 41

#------------------
# Athena Components
#-------------------

#Cell=Zr cone, Surface=Zr cone
create frustum height 6.7 radius .715 top 5.615
rotate volume 45 about origin x direction z angle 90
rotate volume 45 about origin z direction z angle 90
move volume 45 x 13.05

#Cell=W-1 cone, Surface=W-1 cone
create frustum height 2.980 radius 5.605 top 7.795
rotate volume 46 about origin x direction z angle 90
rotate volume 46 about origin z direction z angle 90
move volume 46 x 17.89

#Cell=Al spacer, Surface=Al spacer
create frustum height .2 radius 7.835 top 7.940
rotate volume 47 about origin x direction z angle 90
rotate volume 47 about origin z direction z angle 90
move volume 47 x 19.5

#Cell=Al-6061 ring, Surface=Outside drawer RPP (67)
create vertex 20.53 -2.9 0 
create vertex 19.65 -2.9 0
create vertex 20.53 -2.9 11.5
create vertex 19.65 -2.9 11.5
create vertex 20.53 2.9 0
create vertex 19.65 2.9 0
create vertex 20.53 2.9 11.5
create vertex 19.65 2.9 11.5                         
create surface vertex 282 280 284 286             
create surface vertex 283 285 281 279            	
create volume loft surface 185 186        #vol 50

delete body 47	    #clean up
delete body 48

#Cell=Al-6061 ring, Surface=Al-6061 cylinder inner
create cylinder height .980 radius 3.810
rotate volume 51 about origin x direction z angle 90
rotate volume 51 about origin z direction z angle 90
move volume 51 x 20.09		#will be deleted

#Cell=Al-6061 ring, Surface=Al-6061 cylinder outer
create cylinder height .980 radius 6.340
rotate volume 52 about origin x direction z angle 90
rotate volume 52 about origin z direction z angle 90
move volume 52 x 20.09		#will be deleted

subtract volume 51 from volume 52	
subtract volume 44 50 from volume 52 keep	#creating gap for drawer
delete volume 52		#Al-6061 ring becomes vol 53

#Cell=W-2, Surface=W-2 cylinder inner
create cylinder height .980 radius 6.350
rotate volume 54 about origin x direction z angle 90
rotate volume 54 about origin z direction z angle 90
move volume 54 x 20.09		#will be deleted

#Cell=W-2, Surface=W-2 cone outer
create frustum height 0.980 radius 7.952 top 8.655
rotate volume 55 about origin x direction z angle 90
rotate volume 55 about origin z direction z angle 90
move volume 55 x 20.09

subtract volume 54 from volume 55
subtract volume 44 50 from volume 55 keep	#creating gap for drawer
delete volume 55		#W-2 ring becomes vol 56

#2nd Al-6061 ring   		
#Cell=Al-6061 ring, Surface=Al-6061 inner
create cylinder height .930 radius 3.6
rotate volume 57 about origin x direction z angle 90
rotate volume 57 about origin z direction z angle 90
move volume 57 x 20.065		#will be deleted

#Cell=Al-6061 ring, Surface=Al-6061 outer
create cylinder height .930 radius 3.8
rotate volume 58 about origin x direction z angle 90
rotate volume 58 about origin z direction z angle 90
move volume 58 x 20.065		

subtract volume 57 from volume 58	
subtract volume 44 50 from volume 58 keep	#creating gap for drawer
delete volume 58		#2nd Al-6061 ring becomes vol 59
delete volume 50		#vol used to create gap for drawers

#2nd Al spacer			
#Cell=Al spacer, Surface=Al spacer (cone)
create frustum height .200 radius 8.660 top 8.734
rotate volume 60 about origin x direction z angle 90
rotate volume 60 about origin z direction z angle 90
move volume 60 x 20.68

#Cell=Al spacer, Surface=Al spacer (cylinder)
create cylinder height .200 radius 3.810
rotate volume 61 about origin x direction z angle 90
rotate volume 61 about origin z direction z angle 90
move volume 61 x 20.68

subtract volume 61 from volume 60	#2nd Al spacer becomes vol 60

#Cell=Al spacer plug, Surface=Al spacer(31)
create cylinder height .200 radius 3.800
rotate volume 62 about origin x direction z angle 90
rotate volume 62 about origin z direction z angle 90
move volume 62 x 20.68

#W-3
#Cell=W-3, Surface=W-3
create frustum height 2.310 radius 8.805 top 10.418
rotate volume 63 about origin x direction z angle 90
rotate volume 63 about origin z direction z angle 90
move volume 63 x 21.935

#Cell=W-3, Surface=W-3 inner
create cylinder height 2.310 radius 3.859
rotate volume 64 about origin x direction z angle 90
rotate volume 64 about origin z direction z angle 90
move volume 64 x 21.935

#Cell=W-3, Surface=W-3 plug
create cylinder height 2.260 radius 3.775
rotate volume 65 about origin x direction z angle 90
rotate volume 65 about origin z direction z angle 90
move volume 65 x 21.91

subtract volume 64 from volume 63	#W-3 becomes vol 63

#C
#Cell=C, Surface=C
create frustum height 1.180 radius 10.49 top 11.278
rotate volume 66 about origin x direction z angle 90
rotate volume 66 about origin z direction z angle 90
move volume 66 x 23.68

#Cell=C, Surface=C inner
create cylinder height 1.180 radius 3.859
rotate volume 67 about origin x direction z angle 90
rotate volume 67 about origin z direction z angle 90
move volume 67 x 23.68

#Cell=C plug, Surface=C plug
create cylinder height 1.180 radius 3.800
rotate volume 68 about origin x direction z angle 90
rotate volume 68 about origin z direction z angle 90
move volume 68 x 23.68

subtract volume 67 from volume 66	#C becomes vol 66

#Delrin
#Cell=Delrin, Surface=Delrin
create frustum height 3.270 radius 11.35 top 13.735
rotate volume 69 about origin x direction z angle 90
rotate volume 69 about origin z direction z angle 90
move volume 69 x 25.905

#Cell=Delrin, Surface=Delrin inner
create cylinder height 3.270 radius 3.835
rotate volume 70 about origin x direction z angle 90
rotate volume 70 about origin z direction z angle 90
move volume 70 x 25.905

#Cell=Delrin plug, Surface=Delrin plug
create cylinder height 3.270 radius 3.800
rotate volume 71 about origin x direction z angle 90
rotate volume 71 about origin z direction z angle 90
move volume 71 x 25.905

subtract volume 70 from volume 69	#Delrin becomes vol 69

#Cell=Viton seal, Surface=Viton filler
create cylinder height .476 radius 13.50
rotate volume 72 about origin x direction z angle 90
rotate volume 72 about origin z direction z angle 90
move volume 72 x 27.778

#------------------
# Activation Foils
#-------------------

#Cell=Au-1 foil, Surface=Au-1
create cylinder height .005 radius 2.5
rotate volume 73 about origin x direction z angle 90
rotate volume 73 about origin z direction z angle 90
move volume 73 x 20.1525

#Cell=Ni foil, Surface=Ni
create cylinder height .023 radius 2.5
rotate volume 74 about origin x direction z angle 90
rotate volume 74 about origin z direction z angle 90
move volume 74 x 20.1665

subtract volume 74 from volume 73 keep
delete volume 73			#Au-1 foil becomes vol 75

#Cell=In foil, Surface=In
create cylinder height .027 radius 2.5
rotate volume 76 about origin x direction z angle 90
rotate volume 76 about origin z direction z angle 90
move volume 76 x 20.1915

subtract volume 76 from volume 74 keep
delete volume 74			#Ni foil becomes vol 77

#Cell=Al foil, Surface=Al
create cylinder height .073 radius 2.5
rotate volume 78 about origin x direction z angle 90
rotate volume 78 about origin z direction z angle 90
move volume 78 x 20.2415

subtract volume 78 from volume 76 keep
delete volume 76			#In foil becomes vol 79

#Cell=Ti foil, Surface=Ti
create cylinder height .025 radius 2.5
rotate volume 80 about origin x direction z angle 90
rotate volume 80 about origin z direction z angle 90
move volume 80 x 20.2905

subtract volume 80 from volume 78 keep
delete volume 78			#Al foil becomes vol 81

#Cell=W foil, Surface=W
create cylinder height .012 radius 2.5
rotate volume 82 about origin x direction z angle 90
rotate volume 82 about origin z direction z angle 90
move volume 82 x 20.309

subtract volume 82 from volume 80 keep
delete volume 80			#Ti foil becomes vol 83

#Cell=Zr foil, Surface=Zr
create cylinder height .027 radius 2.5
rotate volume 84 about origin x direction z angle 90
rotate volume 84 about origin z direction z angle 90
move volume 84 x 20.3285

subtract volume 84 from volume 82 keep
delete volume 82			#W foil becomes vol 85

#Cell=Mg foil, Surface=Mg
create cylinder height .009 radius 2.5
rotate volume 86 about origin x direction z angle 90
rotate volume 86 about origin z direction z angle 90
move volume 86 x 20.3465

subtract volume 86 from volume 84 keep
delete volume 84			#Zr foil becomes vol 87

#Cell=Au-2 foil, Surface=Au-2
create cylinder height .005 radius 2.5
rotate volume 88 about origin x direction z angle 90
rotate volume 88 about origin z direction z angle 90
move volume 88 x 20.3535		#Au-2 foil is vol 88

subtract volume 88 from volume 86 keep
delete volume 86			#Mg foil becomes vol 89

#Al spacer			
#Cell=Al spacer (toad option), Surface=Al spacer (500)
create cylinder height .350 radius 2.5
rotate volume 90 about origin x direction z angle 90
rotate volume 90 about origin z direction z angle 90
move volume 90 x 19.975			

#------------------
# TLDs
#-------------------

#Cell=TLD-100 #1 Space, Surface=TLD-100 #1 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 423 421 417 419 
create surface vertex 422 418 420 424	
create volume loft surface 348 349       #vol 93

#Cell=TLD-100 #2 Space, Surface=TLD-100 #2 space
create vertex 20.15 -.165 1.00
create vertex 20.05 -.165 1.00
create vertex 20.15 -.165 1.33
create vertex 20.05 -.165 1.33
create vertex 20.15 .165 1.00
create vertex 20.05 .165 1.00
create vertex 20.15 .165 1.33
create vertex 20.05 .165 1.33                         
create surface vertex 439 437 433 435
create surface vertex 438 434 436 440	
create volume loft surface 356 357       #vol 96

#Cell=TLD-100 #3 Space, Surface=TLD-100 #3 space
create vertex 20.15 -1.33 -.165
create vertex 20.05 -1.33 -.165
create vertex 20.15 -1.33 .165
create vertex 20.05 -1.33 .165
create vertex 20.15 -1.00 -.165
create vertex 20.05 -1.00 -.165
create vertex 20.15 -1.00 .165
create vertex 20.05 -1.00 .165                         
create surface vertex 455 453 449 451
create surface vertex 454 450 452 456	
create volume loft surface 364 365       #vol 99

#Cell=TLD-100 #4 Space, Surface=TLD-100 #4 space
create vertex 20.15 -.165 -1.33 
create vertex 20.05 -.165 -1.33
create vertex 20.15 -.165 -1.00
create vertex 20.05 -.165 -1.00
create vertex 20.15 .165 -1.33
create vertex 20.05 .165 -1.33
create vertex 20.15 .165 -1.00
create vertex 20.05 .165 -1.00                         
create surface vertex 471 469 465 467
create surface vertex 470 466 468 472	
create volume loft surface 372 373      #vol 102

#Cell=TLD-400 1, Surface=TLD-400 #1
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                         
create surface vertex 487 485 481 483
create surface vertex 486 482 484 488	
create volume loft surface 380 381       #vol 105 Mn

rotate volume 105 angle 45 about x include_merged

#Cell=TLD-400 2, Surface=TLD-400 #2
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                      
create surface vertex 503 501 497 499
create surface vertex 502 498 500 504	
create volume loft surface 388 389       #vol 108 Mn

rotate volume 108 angle 135 about x include_merged

#Cell=TLD-400 3, Surface=TLD-400 #3
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                    
create surface vertex 519 517 513 515
create surface vertex 518 514 516 520	
create volume loft surface 396 397       #vol 111 Mn

rotate volume 111 angle 225 about x include_merged

#Cell=TLD-400 4, Surface=TLD-400 #4
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                          
create surface vertex 535 533 529 531
create surface vertex 534 530 532 536	
create volume loft surface 404 405       #vol 114 Mn

rotate volume 114 angle 315 about x include_merged

#Cell=TLD-400 air fill 1, Surface=TLD-400 #1 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 551 549 545 547
create surface vertex 550 546 548 552	
create volume loft surface 412 413       #vol 117

rotate volume 117 angle 45 about x include_merged

#Cell=TLD-400 air fil 2, Surface=TLD-400 #2 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 567 565 561 563
create surface vertex 566 562 564 568	
create volume loft surface 420 421       #vol 120

rotate volume 120 angle 135 about x include_merged

#Cell=TLD-400 air fill 3, Surface=TLD-400 #3 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 583 581 577 579
create surface vertex 582 578 580 584	
create volume loft surface 428 429       #vol 123

rotate volume 123 angle 225 about x include_merged

#Cell=TLD-400 air fill 4, Surface=TLD-400 #4 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 599 597 593 595
create surface vertex 598 594 596 600	
create volume loft surface 436 437       #vol 126

rotate volume 126 angle 315 about x include_merged

subtract volume 117 120 123 126 from volume 90		

subtract volume 93 96 99 102 from volume 90 keep
delete volume 90
delete body 90 91 93 94 96 97 99 100 102 103 105 106 108 109 111 112 114 115 117 118 120 121 123 124

#Cell=TLD-100, Surface=TLD-100 #1
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                         
create surface vertex 713 711 707 709
create surface vertex 712 708 710 714	
create volume loft surface 508 509       #vol 130

delete body 127 128

#Cell=TLD-100, Surface=TLD-100 #2
create vertex 20.139 -.16 1.005
create vertex 20.05 -.16 1.005
create vertex 20.139 -.16 1.325
create vertex 20.05 -.16 1.325
create vertex 20.139 .16 1.005
create vertex 20.05 .16 1.005
create vertex 20.139 .16 1.325
create vertex 20.05 .16 1.325                         
create surface vertex 729 727 723 725
create surface vertex 728 724 726 730	
create volume loft surface 516 517       #vol 133

delete body 130 131

#Cell=TLD-100, Surface=TLD-100 #3
create vertex 20.139 -1.325 -.16
create vertex 20.05 -1.325 -.16
create vertex 20.139 -1.325 .16
create vertex 20.05 -1.325 .16
create vertex 20.139 -1.005 -.16
create vertex 20.05 -1.005 -.16
create vertex 20.139 -1.005 .16
create vertex 20.05 -1.005 .16                         
create surface vertex 745 743 739 741
create surface vertex 744 740 742 746	
create volume loft surface 524 525       #vol 136

delete body 133 134

#Cell=TLD-100, Surface=TLD-100 #4
create vertex 20.139 -.16 -1.325 
create vertex 20.05 -.16 -1.325
create vertex 20.139 -.16 -1.005
create vertex 20.05 -.16 -1.005
create vertex 20.139 .16 -1.325
create vertex 20.05 .16 -1.325
create vertex 20.139 .16 -1.005
create vertex 20.05 .16 -1.005                     
create surface vertex 761 759 755 757
create surface vertex 760 756 758 762	
create volume loft surface 532 533      #vol 139

delete body 136 137

delete volume 93 96 99 102    #deleting TLD-100 air fills, will be added in mcnp

#------------------
# Prepare to Mesh
#-------------------

remove overlap volume 3 11 modify larger  #Final cover geometry
unite volume 10 11 12
imprint volume all
merge volume all

#------------------
# Tet Mesh
#-------------------

volume all scheme tetmesh
mesh volume all

#-----------------
# Create Materials
#-----------------

#create materials that match MCNP input material number

create material "MATERIAL_003" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_003" scalar_properties "DENSITY" 6.49

create material "MATERIAL_004" property_group "CUBIT-ABAQUS" 
modify material "MATERIAL_004" scalar_properties "DENSITY" 18.7
 
create material "MATERIAL_006" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_006" scalar_properties "DENSITY" 2.7

create material "MATERIAL_007" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_007" scalar_properties "DENSITY" 2.26

create material "MATERIAL_008" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_008" scalar_properties "DENSITY" 1.29e-09

create material "MATERIAL_009" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_009" scalar_properties "DENSITY" 1.4 

create material "MATERIAL_010" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_010" scalar_properties "DENSITY" 1.8

create material "MATERIAL_011" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_011" scalar_properties "DENSITY" 19.18 

create material "MATERIAL_012" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_012" scalar_properties "DENSITY" 9.019

create material "MATERIAL_013" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_013" scalar_properties "DENSITY" 6.913

create material "MATERIAL_014" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_014" scalar_properties "DENSITY" 2.646

create material "MATERIAL_015" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_015" scalar_properties "DENSITY" 4.303

create material "MATERIAL_016" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_016" scalar_properties "DENSITY" 18.27

create material "MATERIAL_017" property_group "CUBIT-ABAQUS"
 modify material "MATERIAL_017" scalar_properties "DENSITY" 5.815

create material "MATERIAL_018" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_018" scalar_properties "DENSITY" 1.8

create material "MATERIAL_020" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_020" scalar_properties "DENSITY" 3.8
 
create material "MATERIAL_021" property_group "CUBIT-ABAQUS" 
modify material "MATERIAL_021" scalar_properties "DENSITY" 7.8

create material "MATERIAL_022" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_022" scalar_properties "DENSITY" 7.87

create material "MATERIAL_023" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_023" scalar_properties "DENSITY" 7.87

#--------------
# Create Blocks
#--------------

block 1 add volume 1
block 1 name "Cone_304_SS"
block 1 add material 'MATERIAL_022'

block 2 add volume 6
block 2 name "Cover_Adapter_17_4PH_SS"
block 2 add material 'MATERIAL_023'

block 30 add volume 9
block 30 name "Mount_17_4PH_SS"
block 30 add material 'MATERIAL_023'

block 31 add volume 10
block 31 name "Cover_Top_17_4PH_SS"
block 31 add material 'MATERIAL_023'

block 3 add volume 45
block 3 name "Zr_Cone_Zr_Shaping"
block 3 add material 'MATERIAL_003'

block 4 add volume 46
block 4 name "W_1_Cone_W_shaping"
block 4 add material 'MATERIAL_004'

block 32 add volume 56
block 32 name "W_2_W_shaping"
block 32 add material 'MATERIAL_004'

block 33 add volume 63
block 33 name "W_3_W_shaping"
block 33 add material 'MATERIAL_004'

block 34 add volume 65
block 34 name "W_3_Plug_W_shaping"
block 34 add material 'MATERIAL_004'

block 5 add volume 47
block 5 name "Al_Spacer_Al_shaping"
block 5 add material 'MATERIAL_006'

block 35 add volume 59
block 35 name "Al_6061_Ring2_Al_shaping"
block 35 add material 'MATERIAL_006'

block 36 add volume 60
block 36 name "Al_Spacer2_Al_shaping"
block 36 add material 'MATERIAL_006'

block 37 add volume 62
block 37 name "Al_Spacer_Plug_Al_shaping"
block 37 add material 'MATERIAL_006'

block 38 add volume 53
block 38 name "Al_6061_Ring1_Al_shaping"
block 38 add material 'MATERIAL_006'

block 6 add volume 68
block 6 name "C_Plug_Carbon_shaping"
block 6 add material 'MATERIAL_007'

block 39 add volume 66
block 39 name "C_Carbon_shaping"
block 39 add material 'MATERIAL_007'

block 7 add volume 71
block 7 name "Delrin_Plug_Delrin"
block 7 add material 'MATERIAL_009'

block 40 add volume 69
block 40 name "Delrin_Delrin"
block 40 add material 'MATERIAL_009'

block 8 add volume 72
block 8 name "Viton_Seal_Viton"
block 8 add  material 'MATERIAL_010'

block 9 add volume 39 42
block 9 name "Screw_Mounts_316_SS"
block 9 add material 'MATERIAL_021'

block 41 add volume 44
block 41 name "Drawer_Case_316_SS"
block 41 add material 'MATERIAL_021'

block 42 add volume 23
block 42 name "Drawer_Handle_Mount_316_SS"
block 42 add material 'MATERIAL_021'

block 43 add volume 26
block 43 name "Drawer_Handle_316_SS"
block 43 add material 'MATERIAL_021'

block 10 add volume 81
block 10 name "Al_foi_Al"
block 10 add material 'MATERIAL_014'

block 11 add volume 75
block 11 name "Au_foil1_Au"
block 11 add material 'MATERIAL_011'

block 12 add volume 77
block 12 name "Ni_foil_Ni"
block 12 add material 'MATERIAL_012'

block 13 add volume 79
block 13 name "In_foil_In"
block 13 add material 'MATERIAL_013'

block 14 add volume 83
block 14 name "Ti_foil_Ti"
block 14 add material 'MATERIAL_015'

block 15 add volume 85
block 15 name "W_foil_W"
block 15 add material 'MATERIAL_016'

block 16 add volume 87
block 16 name "Zr_foil_Zr"
block 16 add material 'MATERIAL_017'

block 17 add volume 89
block 17 name "Mg_foil_Mg"
block 17 add material 'MATERIAL_018'

block 18 add volume 130
block 18 name "TLD-100_#1"
block 18 add material 'MATERIAL_008'

block 19 add volume 105
block 19 name "TLD-400_#1"
block 19 add material 'MATERIAL_020'

block 20 add volume 127
block 20 name "Al_spacer_Toad_Option"
block 20 add material 'MATERIAL_014'

block 21 add volume 88
block 21 name"Au_foil2"
block 21 add material 'MATERIAL_011'

block 22 add volume 43
block 22 name "W_insert"
block 22 add material 'MATERIAL_004'

block 23 add volume 133
block 23 name "TLD-100_#2"
block 23 add material 'MATERIAL_008'

block 24 add volume 136
block 24 name "TLD-100_#3"
block 24 add material 'MATERIAL_008'

block 25 add volume 139
block 25 name "TLD-100_#4"
block 25 add material 'MATERIAL_008'

block 26 add volume 108
block 26 name "TLD-400_#2"
block 26 add material 'MATERIAL_020'

block 27 add volume 111
block 27 name "TLD-400_#3"
block 27 add material 'MATERIAL_020'

block 28 add volume 114
block 28 name "TLD-400_#4"
block 28 add material 'MATERIAL_020'

block 29 add volume 3
block 29 name "Cover_Bottom_304_SS"
block 29 add material 'MATERIAL_022'

#----------------------------
# Export an Abaqus Mesh Model
#----------------------------

export abaqus "abaqus_athena_tetmesh.inp" instance block 1 source_csys 0 target_csys 0  instance block 2 source_csys 0 target_csys 0 instance block 3 source_csys 0 target_csys 0  instance block 4 source_csys 0 target_csys 0  instance block 5 source_csys 0 target_csys 0  instance block 6 source_csys 0 target_csys 0  instance block 7 source_csys 0 target_csys 0  instance block 8 source_csys 0 target_csys 0  instance block 9 source_csys 0 target_csys 0  instance block 10 source_csys 0 target_csys 0  instance block 11 source_csys 0 target_csys 0  instance block 12 source_csys 0 target_csys 0  instance block 13 source_csys 0 target_csys 0  instance block 14 source_csys 0 target_csys 0  instance block 15 source_csys 0 target_csys 0  instance block 16 source_csys 0 target_csys 0  instance block 17 source_csys 0 target_csys 0  instance block 18 source_csys 0 target_csys 0  instance block 19 source_csys 0 target_csys 0  instance block 20 source_csys 0 target_csys 0  instance block 21 source_csys 0 target_csys 0  instance block 22 source_csys 0 target_csys 0  instance block 23 source_csys 0 target_csys 0  instance block 24 source_csys 0 target_csys 0  instance block 25 source_csys 0 target_csys 0  instance block 26 source_csys 0 target_csys 0  instance block 27 source_csys 0 target_csys 0  instance block 28 source_csys 0 target_csys 0  instance block 29 source_csys 0 target_csys 0  instance block 30 source_csys 0 target_csys 0  instance block 31 source_csys 0 target_csys 0  instance block 32 source_csys 0 target_csys 0  instance block 33 source_csys 0 target_csys 0  instance block 34 source_csys 0 target_csys 0  instance block 35 source_csys 0 target_csys 0  instance block 36 source_csys 0 target_csys 0  instance block 37 source_csys 0 target_csys 0  instance block 38 source_csys 0 target_csys 0  instance block 39 source_csys 0 target_csys 0  instance block 40 source_csys 0 target_csys 0  instance block 41 source_csys 0 target_csys 0  instance block 42 source_csys 0 target_csys 0  instance block 43 source_csys 0 target_csys 0   dimension 3  overwrite  everything 




A CUBIT journal file of Athena-I linear hexaheral model is attached . This journal file is com-
mented with the part and cell names where each geometry is modified to prepare for meshing. After
the mesh is generated, the next CUBIT commands are to create materials, create blocks that corre-
spond with the Athena-I parts, and assign MCNP material numbers to the blocks. The UM model
is exported from CUBIT as an Abaqus input file, which is later processed by the cubit to mcnp.py
script to convert the file to one that MCNP can read [4]. The Athena-I hexahedral mesh is shown
in Figure 4.

(a) Isometric view of Athena-I Hexahedral Mesh (b) Cross-sectional view of Athena-I Hexahedral Mesh

Figure 4. Athena-I Hexahedral Mesh

5 Conclusions and Future Work

CUBIT is used to create the Athena-I solid geometry and generate a tetrahedral and hexahedral
mesh. The tetrahedral mesh model is easier to create than the hexahedral mesh model, as minimal
geometry preparation is required for tetrahedral meshing, while hexahedral meshing requires more
geometrical preparation in order to mesh. Meshing is an iterative process, including quality checks,
to ensure MCNP can properly transport particles within the mesh universe. Only two mesh qual-
ity metrics (volumes and Jacobian) are considered when meshing the tetrahedral and hexahedral
Athena-I model. After a suitable mesh is obtained, the process of creating an Abaqus model for
MCNP UM simulations includes creating materials, grouping volumes into blocks to define each
cell from the CSG MCNP input as a block as well as to assign a corresponding material number.
This is necessary to create a UM MCNP input file that is directly comparable to the CSG input in
MCNP. Finally, the tetrahedral and hexahedral models are exported as Abaqus files and converted
to a readable Abaqus format for use in MCNP UM calculations. The CUBIT commands used to
create these two models are placed in the ASCII files known as journal files which are attached in
this report. In future work, the models can be recreated in CUBIT 16.12, which will allow the user
to export CUBIT files directly to a readable Abaqus format in MCNP. Additionally, the meshing
capabilities on the Athena-I model can be further explored by generating second-order tetrahedral
and hexahedral meshes.
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reset

#Athena-I: Hexmesh
#Author: Bradley Gladden
#This model is based on the Athena-I CSG MCNP input file made by Nicholas Quartemont.

# The process of creating an Abaqus input file for MCNP include
# 1. Create geometries
# 2. Mesh geometries
# 3. Create materials
# 4. Create blocks
# 5. Export an Abaqus model

# MCNP cannot process an Abaqus file created by this journal file.
# A cubit_to_mcnp.py script must be used to convert this Abaqus input
# file to be an Abaqus input file that MCNP can process. 
# See LA-UR-23-21715 for details.

# -----------------
# Create Geometries
# -----------------

# -----------------
# Outside Cone
# -----------------

#Cell=Cone, Surface=Outer Body Athena
create frustum height 19.202 radius .855 top 15.281
rotate volume 1 about origin x direction z angle 90
rotate volume 1 about origin z direction z angle 90
move volume 1 x 18.601

#Cell=Cone, Surface=Inner Body Athena
create frustum height 18.502 radius .765 top 14.378
rotate volume 2 about origin x direction z angle 90
rotate volume 2 about origin z direction z angle 90
move volume 2 x 18.951

subtract volume 2 from volume 1

#----------------
# Cover Bottom
#----------------

#Cell=cover bottom, Surface=Cover
create cylinder height .6 radius 16.708
rotate volume 3 about origin x direction z angle 90
rotate volume 3 about origin z direction z angle 90
move volume 3 x 28.502

#----------------
# Rectangular Covers
#----------------

#Cell=Cover Adapter Surface=Mount (15)
create vertex 30.202 -9.1 -11 
create vertex 29.502 -9.1 -11 
create vertex 30.202 -9.1 11 
create vertex 29.502 -9.1 11 
create vertex 30.202 9.1 -11 
create vertex 29.502 9.1 -11 
create vertex 30.202 9.1 11 
create vertex 29.502 9.1 11                         
create surface vertex 12 10 14 16              
create surface vertex 13 15 11 9               
create volume loft surface 13 14	#vol 6                

#Cell=mount Surface=mount (16)
create vertex 31.132 -8.7 -10.975 
create vertex 30.202 -8.7 -10.975 
create vertex 31.132 -8.7 10.975
create vertex 30.202 -8.7 10.975
create vertex 31.132 8.7 -10.975
create vertex 30.202 8.7 -10.975
create vertex 31.132 8.7 10.975
create vertex 30.202 8.7 10.975
create surface vertex 28 32 30 26  	
create surface vertex 27 31 29 25	
create volume loft surface 21 22	#vol 9

delete body 4				#cleanup
delete body 5
delete body 7
delete body 8

#----------------
# Cover Top
#----------------

#Cell=Cover top Surface=Cover,Cover plug fill
create cylinder height .186 radius 13.5
rotate volume 10 about origin x direction z angle 90
rotate volume 10 about origin z direction z angle 90
move volume 10 x 28.109

#Cell=cover top Surface=Cover bottom mount
create cylinder height .6 radius 13.500
rotate volume 11 about origin x direction z angle 90
rotate volume 11 about origin z direction z angle 90
move volume 11  x 28.502

#Cell=Cover top Surface=Cover,Cover front/back
create cylinder height .7 radius 16.708
rotate volume 12 about origin x direction z angle 90
rotate volume 12 about origin z direction z angle 90
move volume 12 x 29.152

#----------------
# Drawer
#----------------

#Cell=Drawer case, Surface=Outside drawer RPP (60)
create vertex 20.53 -2.7 0 
create vertex 19.65 -2.7 0
create vertex 20.53 -2.7 11.5
create vertex 19.65 -2.7 11.5
create vertex 20.53 2.7 0
create vertex 19.65 2.7 0
create vertex 20.53 2.7 11.5
create vertex 19.65 2.7 11.5                         
create surface vertex 50 48 52 54             	
create surface vertex 51 53 49 47            	
create volume loft surface 38 39	#vol 15

subtract volume 15 from volume 1 #creating space in body for drawer

create volume loft surface 38 39 #have to loft again to recreate drawer, becomes vol 16

delete body 13				#cleanup
delete body 14

#Cell=Drawer case Surface=Drawer foils RCC
create cylinder height .880 radius 2.7
rotate volume 17 about origin x direction z angle 90
rotate volume 17 about origin z direction z angle 90
move volume 17 x 20.09

unite volume 16 17			#combine outside drawer to foils area, becomes vol 16

#Cell=Drawer handle mount, Surface=Drawer handle mount
create vertex 21.59 -3.75 7.8
create vertex 18.59 -3.75 7.8
create vertex 21.59 -3.75 12
create vertex 18.59 -3.75 12
create vertex 21.59 3.75 7.8
create vertex 18.59 3.75 7.8
create vertex 21.59 3.75 12
create vertex 18.59 3.75 12                         
create surface vertex 84 82 86 88          	
create surface vertex 85 87 83 81           		
create volume loft surface 64 65	#vol 20

delete body 18				#cleanup
delete body 19

#connecting drawer handle mount to drawer case
subtract volume 16 1 from volume 20 keep
split  body 21
delete volume 20 21 22			#Drawer handle mount becomes vol 23

#Cell=Drawer handle, Surface=Drawer handle outer
create vertex 20.39 -2.1 12
create vertex 19.79 -2.1 12
create vertex 20.39 -2.1 15
create vertex 19.79 -2.1 15
create vertex 20.39 2.1 12
create vertex 19.79 2.1 12
create vertex 20.39 2.1 15
create vertex 19.79 2.1 15                         
create surface vertex 134 132 136 138          		
create surface vertex 135 137 133 131           		
create volume loft surface 96 97

#Cell=Drawer handle, Surface=Drawer handle inner
create vertex 20.39 -1.5 12
create vertex 19.79 -1.5 12
create vertex 20.39 -1.5 14.4
create vertex 19.79 -1.5 14.4
create vertex 20.39 1.5 12
create vertex 19.79 1.5 12
create vertex 20.39 1.5 14.4
create vertex 19.79 1.5 14.4                         
create surface vertex 150 148 152 154       	
create surface vertex 151 153 149 147           		
create volume loft surface 104 105
			
subtract volume 29 from volume 26	#handle becomes vol 26

delete body 24	#cleanup
delete body 25
delete body 27
delete body 28

#inserts in drawer

#Cell=W insert, Surface=W insert
create vertex 20.35 -2.5 1.3
create vertex 19.8 -2.5 1.3
create vertex 20.35 -2.5 11.3
create vertex 19.8 -2.5 11.3
create vertex 20.35 2.5 1.3
create vertex 19.8 2.5 1.3
create vertex 20.35 2.5 11.3
create vertex 19.8 2.5 11.3                         
create surface vertex 174 172 176 178          	
create surface vertex 175 177 173 171        	
create volume loft surface 119 120	#vol 32, will change to remove screw holes

#Surface=Inner drawer area (air)
create vertex 20.38 -2.55 0
create vertex 19.8 -2.55 0
create vertex 20.38 -2.55 11.35
create vertex 19.8 -2.55 11.35
create vertex 20.38 2.55 0
create vertex 19.8 2.55 0
create vertex 20.38 2.55 11.35
create vertex 19.8 2.55 11.35                         
create surface vertex 190 188 192 194          	
create surface vertex 191 193 189 187        	
create volume loft surface 127 128	#vol 35 (air, will be deleted)

delete body 30	#cleanup
delete body 31
delete body 33
delete body 34

#Surface=Foil Region (air)
create cylinder height .58 radius 2.55
rotate volume 36 about origin x direction z angle 90
rotate volume 36 about origin z direction z angle 90
move volume 36 x 20.09			#air, will be deleted

#Cell=Screw mounts, Surface=Screw hole 1	
create vertex 20.38 -2.55 4.37
create vertex 19.8 -2.55 4.37
create vertex 20.38 -2.55 5.45
create vertex 19.8 -2.55 5.45
create vertex 20.38 -1.47 4.37
create vertex 19.8 -1.47 4.37
create vertex 20.38 -1.47 5.45
create vertex 19.8 -1.47 5.45                         
create surface vertex 208 206 210 212          	
create surface vertex 209 211 207 205        	
create volume loft surface 138 139	#vol 39

#Cell=Screw mounts, Surface=Screw hole 2	
create vertex 20.38 1.47 4.37
create vertex 19.8 1.47 4.37
create vertex 20.38 1.47 5.45
create vertex 19.8 1.47 5.45
create vertex 20.38 2.55 4.37
create vertex 19.8 2.55 4.37
create vertex 20.38 2.55 5.45
create vertex 19.8 2.55 5.45                         
create surface vertex 224 222 226 228          	
create surface vertex 225 227 223 221        	
create volume loft surface 146 147	#vol 42

subtract volume 36 39 42 from volume 32 keep	#w insert becomes vol 43
delete volume 32
subtract volume 35 36 from volume 16	#drawer case becomes vol 44

delete body 37				#clean up
delete body 38
delete body 40
delete body 41

#----------------
# Athena Components
#----------------

#Cell=Zr cone, Surface=Zr cone
create frustum height 6.7 radius .715 top 5.615
rotate volume 45 about origin x direction z angle 90
rotate volume 45 about origin z direction z angle 90
move volume 45 x 13.05

#Cell=W-1 cone, Surface=W-1 cone
create frustum height 2.980 radius 5.605 top 7.795
rotate volume 46 about origin x direction z angle 90
rotate volume 46 about origin z direction z angle 90
move volume 46 x 17.89

#Cell=Al spacer, Surface=Al spacer	
create frustum height .2 radius 7.835 top 7.940
rotate volume 47 about origin x direction z angle 90
rotate volume 47 about origin z direction z angle 90
move volume 47 x 19.5

#Cell=Al-6061 ring, Surface=Outside drawer RPP (67)
create vertex 20.53 -2.9 0 
create vertex 19.65 -2.9 0
create vertex 20.53 -2.9 11.5
create vertex 19.65 -2.9 11.5
create vertex 20.53 2.9 0
create vertex 19.65 2.9 0
create vertex 20.53 2.9 11.5
create vertex 19.65 2.9 11.5                         
create surface vertex 282 280 284 286             
create surface vertex 283 285 281 279            	
create volume loft surface 185 186	#vol 50

delete body 47				#clean up
delete body 48

#Cell=Al-6061 ring, Surface=Al-6061 cylinder inner
create cylinder height .980 radius 3.810
rotate volume 51 about origin x direction z angle 90
rotate volume 51 about origin z direction z angle 90
move volume 51 x 20.09			#will be deleted

#Cell=Al-6061 ring, Surface=Al-6061 cylinder outer
create cylinder height .980 radius 6.340
rotate volume 52 about origin x direction z angle 90
rotate volume 52 about origin z direction z angle 90
move volume 52 x 20.09			#will be deleted

subtract volume 51 from volume 52	
subtract volume 44 50 from volume 52 keep	#creating gap for drawer
delete volume 52			#Al-6061 ring becomes vol 53

#Cell=W-2, Surface=W-2 cylinder inner
create cylinder height .980 radius 6.350
rotate volume 54 about origin x direction z angle 90
rotate volume 54 about origin z direction z angle 90
move volume 54 x 20.09			#will be deleted

#Cell=W-2, Surface=W-2 cone outer
create frustum height 0.980 radius 7.952 top 8.655
rotate volume 55 about origin x direction z angle 90
rotate volume 55 about origin z direction z angle 90
move volume 55 x 20.09

subtract volume 54 from volume 55
subtract volume 44 50 from volume 55 keep	#creating gap for drawer
delete volume 55			#W-2 ring becomes vol 56

#2nd Al-6061 ring   		
#Cell=Al-6061 ring, Surface=Al-6061 inner
create cylinder height .930 radius 3.6
rotate volume 57 about origin x direction z angle 90
rotate volume 57 about origin z direction z angle 90
move volume 57 x 20.065		#will be deleted

#Cell=Al-6061 ring, Surface=Al-6061 outer
create cylinder height .930 radius 3.8
rotate volume 58 about origin x direction z angle 90
rotate volume 58 about origin z direction z angle 90
move volume 58 x 20.065		

subtract volume 57 from volume 58	
subtract volume 44 50 from volume 58 keep	#creating gap for drawer
delete volume 58			#2nd Al-6061 ring becomes vol 59
delete volume 50			#vol used to create gap for drawers

#2nd Al spacer			
#Cell=Al spacer, Surface=Al spacer (cone)
create frustum height .200 radius 8.660 top 8.734
rotate volume 60 about origin x direction z angle 90
rotate volume 60 about origin z direction z angle 90
move volume 60 x 20.68

#Cell=Al spacer, Surface=Al spacer (cylinder)
create cylinder height .200 radius 3.810
rotate volume 61 about origin x direction z angle 90
rotate volume 61 about origin z direction z angle 90
move volume 61 x 20.68

subtract volume 61 from volume 60	#2nd Al spacer becomes vol 60

#Cell=Al spacer plug, Surface=Al spacer(31)
create cylinder height .200 radius 3.800
rotate volume 62 about origin x direction z angle 90
rotate volume 62 about origin z direction z angle 90
move volume 62 x 20.68

#W-3
#Cell=W-3, Surface=W-3
create frustum height 2.310 radius 8.805 top 10.418
rotate volume 63 about origin x direction z angle 90
rotate volume 63 about origin z direction z angle 90
move volume 63 x 21.935

#Cell=W-3, Surface=W-3 inner
create cylinder height 2.310 radius 3.859
rotate volume 64 about origin x direction z angle 90
rotate volume 64 about origin z direction z angle 90
move volume 64 x 21.935

#Cell=W-3, Surface=W-3 plug
create cylinder height 2.260 radius 3.775
rotate volume 65 about origin x direction z angle 90
rotate volume 65 about origin z direction z angle 90
move volume 65 x 21.91

subtract volume 64 from volume 63	#W-3 becomes vol 63

#C
#Cell=C, Surface=C
create frustum height 1.180 radius 10.49 top 11.278
rotate volume 66 about origin x direction z angle 90
rotate volume 66 about origin z direction z angle 90
move volume 66 x 23.68

#Cell=C, Surface=C inner
create cylinder height 1.180 radius 3.859
rotate volume 67 about origin x direction z angle 90
rotate volume 67 about origin z direction z angle 90
move volume 67 x 23.68

#Cell=C plug, Surface=C plug
create cylinder height 1.180 radius 3.800
rotate volume 68 about origin x direction z angle 90
rotate volume 68 about origin z direction z angle 90
move volume 68 x 23.68

subtract volume 67 from volume 66	#C becomes vol 66

#Delrin
#Cell=Delrin, Surface=Delrin
create frustum height 3.270 radius 11.35 top 13.735
rotate volume 69 about origin x direction z angle 90
rotate volume 69 about origin z direction z angle 90
move volume 69 x 25.905

#Cell=Delrin, Surface=Delrin inner
create cylinder height 3.270 radius 3.835
rotate volume 70 about origin x direction z angle 90
rotate volume 70 about origin z direction z angle 90
move volume 70 x 25.905

#Cell=Delrin plug, Surface=Delrin plug
create cylinder height 3.270 radius 3.800
rotate volume 71 about origin x direction z angle 90
rotate volume 71 about origin z direction z angle 90
move volume 71 x 25.905

subtract volume 70 from volume 69	#Delrin becomes vol 69

#Cell=Viton seal, Surface=Viton filler
create cylinder height .476 radius 13.50
rotate volume 72 about origin x direction z angle 90
rotate volume 72 about origin z direction z angle 90
move volume 72 x 27.778

#----------------
# Activation Foils
#----------------

#Cell=Au-1 foil, Surface=Au-1
create cylinder height .005 radius 2.5
rotate volume 73 about origin x direction z angle 90
rotate volume 73 about origin z direction z angle 90
move volume 73 x 20.1525

#Cell=Ni foil, Surface=Ni
create cylinder height .023 radius 2.5
rotate volume 74 about origin x direction z angle 90
rotate volume 74 about origin z direction z angle 90
move volume 74 x 20.1665

subtract volume 74 from volume 73 keep
delete volume 73			#Au-1 foil becomes vol 75

#Cell=In foil, Surface=In
create cylinder height .027 radius 2.5
rotate volume 76 about origin x direction z angle 90
rotate volume 76 about origin z direction z angle 90
move volume 76 x 20.1915

subtract volume 76 from volume 74 keep
delete volume 74			#Ni foil becomes vol 77

#Cell=Al foil, Surface=Al
create cylinder height .073 radius 2.5
rotate volume 78 about origin x direction z angle 90
rotate volume 78 about origin z direction z angle 90
move volume 78 x 20.2415

subtract volume 78 from volume 76 keep
delete volume 76			#In foil becomes vol 79

#Cell=Ti foil, Surface=Ti
create cylinder height .025 radius 2.5
rotate volume 80 about origin x direction z angle 90
rotate volume 80 about origin z direction z angle 90
move volume 80 x 20.2905

subtract volume 80 from volume 78 keep
delete volume 78			#Al foil becomes vol 81

#Cell=W foil, Surface=W
create cylinder height .012 radius 2.5
rotate volume 82 about origin x direction z angle 90
rotate volume 82 about origin z direction z angle 90
move volume 82 x 20.309

subtract volume 82 from volume 80 keep
delete volume 80			#Ti foil becomes vol 83

#Cell=Zr foil, Surface=Zr
create cylinder height .027 radius 2.5
rotate volume 84 about origin x direction z angle 90
rotate volume 84 about origin z direction z angle 90
move volume 84 x 20.3285

subtract volume 84 from volume 82 keep
delete volume 82			#W foil becomes vol 85

#Cell=Mg foil, Surface=Mg
create cylinder height .009 radius 2.5
rotate volume 86 about origin x direction z angle 90
rotate volume 86 about origin z direction z angle 90
move volume 86 x 20.3465

subtract volume 86 from volume 84 keep
delete volume 84			#Zr foil becomes vol 87

#Cell=Au-2 foil, Surface=Au-2
create cylinder height .005 radius 2.5
rotate volume 88 about origin x direction z angle 90
rotate volume 88 about origin z direction z angle 90
move volume 88 x 20.3535		#Au-2 foil is vol 88

subtract volume 88 from volume 86 keep
delete volume 86			#Mg foil becomes vol 89

#Al spacer			
#Cell=Al spacer (toad option), Surface=Al spacer (500)
create cylinder height .350 radius 2.5
rotate volume 90 about origin x direction z angle 90
rotate volume 90 about origin z direction z angle 90
move volume 90 x 19.975			

#----------------
# TLDs
#----------------

#Cell=TLD-100 #1 Space, Surface=TLD-100 #1 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 423 421 417 419 
create surface vertex 422 418 420 424	
create volume loft surface 348 349       #vol 93

#Cell=TLD-100 #2 Space, Surface=TLD-100 #2 space
create vertex 20.15 -.165 1.00
create vertex 20.05 -.165 1.00
create vertex 20.15 -.165 1.33
create vertex 20.05 -.165 1.33
create vertex 20.15 .165 1.00
create vertex 20.05 .165 1.00
create vertex 20.15 .165 1.33
create vertex 20.05 .165 1.33                         
create surface vertex 439 437 433 435
create surface vertex 438 434 436 440	
create volume loft surface 356 357       #vol 96

#Cell=TLD-100 #3 Space, Surface=TLD-100 #3 space
create vertex 20.15 -1.33 -.165
create vertex 20.05 -1.33 -.165
create vertex 20.15 -1.33 .165
create vertex 20.05 -1.33 .165
create vertex 20.15 -1.00 -.165
create vertex 20.05 -1.00 -.165
create vertex 20.15 -1.00 .165
create vertex 20.05 -1.00 .165                         
create surface vertex 455 453 449 451
create surface vertex 454 450 452 456	
create volume loft surface 364 365       #vol 99

#Cell=TLD-100 #4 Space, Surface=TLD-100 #4 space
create vertex 20.15 -.165 -1.33 
create vertex 20.05 -.165 -1.33
create vertex 20.15 -.165 -1.00
create vertex 20.05 -.165 -1.00
create vertex 20.15 .165 -1.33
create vertex 20.05 .165 -1.33
create vertex 20.15 .165 -1.00
create vertex 20.05 .165 -1.00                         
create surface vertex 471 469 465 467
create surface vertex 470 466 468 472	
create volume loft surface 372 373      #vol 102

#Cell=TLD-400 1, Surface=TLD-400 #1
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                         
create surface vertex 487 485 481 483
create surface vertex 486 482 484 488	
create volume loft surface 380 381       #vol 105 Mn

rotate volume 105 angle 45 about x include_merged

#Cell=TLD-400 2, Surface=TLD-400 #2
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                      
create surface vertex 503 501 497 499
create surface vertex 502 498 500 504	
create volume loft surface 388 389       #vol 108 Mn

rotate volume 108 angle 135 about x include_merged

#Cell=TLD-400 3, Surface=TLD-400 #3
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                    
create surface vertex 519 517 513 515
create surface vertex 518 514 516 520	
create volume loft surface 396 397       #vol 111 Mn

rotate volume 111 angle 225 about x include_merged

#Cell=TLD-400 4, Surface=TLD-400 #4
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                          
create surface vertex 535 533 529 531
create surface vertex 534 530 532 536	
create volume loft surface 404 405       #vol 114 Mn

rotate volume 114 angle 315 about x include_merged

#Cell=TLD-400 air fill 1, Surface=TLD-400 #1 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 551 549 545 547
create surface vertex 550 546 548 552	
create volume loft surface 412 413       #vol 117

rotate volume 117 angle 45 about x include_merged

#Cell=TLD-400 air fil 2, Surface=TLD-400 #2 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 567 565 561 563
create surface vertex 566 562 564 568	
create volume loft surface 420 421       #vol 120

rotate volume 120 angle 135 about x include_merged

#Cell=TLD-400 air fill 3, Surface=TLD-400 #3 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 583 581 577 579
create surface vertex 582 578 580 584	
create volume loft surface 428 429       #vol 123

rotate volume 123 angle 225 about x include_merged

#Cell=TLD-400 air fill 4, Surface=TLD-400 #4 space
create vertex 20.15 1 -0.165
create vertex 20.05  1 -0.165
create vertex 20.15 1 0.165
create vertex 20.05 1 0.165
create vertex 20.15 1.33 -0.165
create vertex 20.05 1.33 -0.165
create vertex 20.15 1.33 0.165
create vertex 20.05 1.33 0.165                         
create surface vertex 599 597 593 595
create surface vertex 598 594 596 600	
create volume loft surface 436 437       #vol 126

rotate volume 126 angle 315 about x include_merged

subtract volume 117 120 123 126 from volume 90		

subtract volume 93 96 99 102 from volume 90 keep
delete volume 90
delete body 90 91 93 94 96 97 99 100 102 103 105 106 108 109 111 112 114 115 117 118 120 121 123 124

#Cell=TLD-100, Surface=TLD-100 #1
create vertex 20.139 1.005 -0.16
create vertex 20.05  1.005 -0.16
create vertex 20.139 1.005 0.16
create vertex 20.05 1.005 0.16
create vertex 20.139 1.325 -0.16
create vertex 20.05 1.325 -0.16
create vertex 20.139 1.325 0.16
create vertex 20.05 1.325 0.16                         
create surface vertex 713 711 707 709
create surface vertex 712 708 710 714	
create volume loft surface 508 509       #vol 130

delete body 127 128

#Cell=TLD-100, Surface=TLD-100 #2
create vertex 20.139 -.16 1.005
create vertex 20.05 -.16 1.005
create vertex 20.139 -.16 1.325
create vertex 20.05 -.16 1.325
create vertex 20.139 .16 1.005
create vertex 20.05 .16 1.005
create vertex 20.139 .16 1.325
create vertex 20.05 .16 1.325                         
create surface vertex 729 727 723 725
create surface vertex 728 724 726 730	
create volume loft surface 516 517       #vol 133

delete body 130 131

#Cell=TLD-100, Surface=TLD-100 #3
create vertex 20.139 -1.325 -.16
create vertex 20.05 -1.325 -.16
create vertex 20.139 -1.325 .16
create vertex 20.05 -1.325 .16
create vertex 20.139 -1.005 -.16
create vertex 20.05 -1.005 -.16
create vertex 20.139 -1.005 .16
create vertex 20.05 -1.005 .16                         
create surface vertex 745 743 739 741
create surface vertex 744 740 742 746	
create volume loft surface 524 525       #vol 136

delete body 133 134

#Cell=TLD-100, Surface=TLD-100 #4
create vertex 20.139 -.16 -1.325 
create vertex 20.05 -.16 -1.325
create vertex 20.139 -.16 -1.005
create vertex 20.05 -.16 -1.005
create vertex 20.139 .16 -1.325
create vertex 20.05 .16 -1.325
create vertex 20.139 .16 -1.005
create vertex 20.05 .16 -1.005                     
create surface vertex 761 759 755 757
create surface vertex 760 756 758 762	
create volume loft surface 532 533      #vol 139

delete body 136 137

delete volume 93 96 99 102    #deleting TLD-100 air fills, will be added in mcnp

#----------------
# Preparing to Mesh
#----------------

remove overlap volume 3 11 modify larger
unite volume 10 11 12
imprint volume all
merge volume all except 44

#----------------
# Hex Mesh
#----------------

remove surface 576, 578, 580, 582, 584 to 586, 591 to 596, 610, 611 extend 
remove surface 598  extend 
remove surface 597  extend 
webcut volume 44  sweep surface 175  perpendicular outward through_all 
webcut volume 44 with plane from surface 607
volume 44 141 size auto factor 5
volume 141 size auto factor 9
webcut volume 141  with plane zplane offset -.89
volume 142 size auto factor 5
unite vol 44 143 144
imprint vol 44 141 142
merge vol 44 141 142
mesh volume 44 141 142						#Drawer case		

webcut volume  53  with sheet extended from Surface 625 tolerant_imprint merge include_neighbors
volume 53 145 size auto factor 7
webcut body 52 with plane from surface 203
webcut body 146 with plane from surface 202
composite create surface 621 620 624 keep angle 15
imprint volume 53 146 147 148 145
merge volume 53 146 147 148 145
volume 53 size auto factor 4
volume 146 size auto factor 4
volume 147 size auto factor 5
volume 148 size auto factor 5
webcut volume 145 with plane from surface 756
webcut volume 149 with plane from surface 757
imprint volume 145 150 149 151 53 146 147 148
merge volume 145 150 149 151 53 146 147 148
volume 145 150 149 151 size auto factor 7
mesh volume 53 146 147 148 145 150 149 151 53 146 147 148	#Al_6061_Ring1

remove surface 637 extend
remove surface 638 extend
remove surface 641 extend
mesh volume 60							#Al_Spacer2

webcut volume 69 with plane yplane imprint merge
webcut volume 69 152 with plane xplane offset 26 imprint merge
webcut volume 154 153 with plane zplane imprint merge
volume 69 152 153 154 155 156 size auto factor 2
mesh volume 69 152 153 154 155 156				#Delrin

webcut volume 66  with plane yplane tolerant_imprint merge include_neighbors
volume 66 157 size auto factor 3
mesh volume 66 157						#C

webcut volume 63  with plane yplane tolerant_imprint merge include_neighbors
volume 63 158 size auto factor 3
mesh volume 63 158						#W_3

mesh volume 46							#W_1
mesh volume 71							#Delrin_Plug
mesh volume 68							#C_Plug
mesh volume 65							#W_3 Plug

remove surface 565  extend 
remove surface 573  extend 
remove surface 568  extend 
remove surface 574  extend
volume 39 42 size auto factor 5
volume 39 42 scheme map
mesh volume 39 42						#Screw holes


webcut volume 45  with plane yplane imprint merge
webcut volume 45 159  with plane zplane imprint merge
remove surface 906 extend 
remove surface 895  extend 
remove surface 898  extend 
remove surface 911  extend 
volume 45 159 160 161  size auto factor 4
mesh volume 45 159 160 161					#Zr cone

webcut volume 72  with plane yplane imprint merge
remove surface 919 extend 
remove surface 926 extend 
remove surface 928 extend
volume 72 162 size auto factor 6
mesh volume 162 72						#Viton Seal

webcut volume 56 with plane from surface 219 imprint merge
webcut volume 163 with plane from surface 220 imprint merge  
remove surface 964 extend
remove surface 627 extend
remove surface 632 extend
remove surface 631 extend
remove surface 629 extend
remove surface 954 extend
remove surface 936 extend
remove surface 952 extend
vol 163 164 165 166 56 size .05
mesh volume 163 166 164 56 165					#W_2

webcut volume 59 with plane from surface 237 imprint merge
webcut volume 167 with plane from surface 236 imprint merge
composite create surface 635 634 636  keep angle 15 
vol 168 59 167 169 size .3
mesh volume 168 59 167 169					#Al_6061_Ring2

volume 43 size auto factor 5
mesh volume 43							#W insert

webcut volume 23 sweep Surface 87 perpendicular inward through_all imprint merge
webcut volume 23 sweep Surface 88 perpendicular inward through_all imprint merge
webcut volume 23 sweep surface 94  perpendicular inward through_all imprint merge
webcut volume 23 with plane from surface 93 imprint merge
webcut volume 173 with plane from surface 1020 imprint merge
webcut volume 174 with plane from surface 1027 imprint merge
webcut volume 175  sweep surface 116 115  perpendicular outward through_all imprint merge
webcut body 23 sweep surface 1036  perpendicular inward through_all imprint merge
volume 175 size .3
mesh volume 23 170 171 172 173 174 175 176 177 178 179		#Drawer handle mount

volume 26 size auto factor 7
mesh volume 26							#Drawer Handle

remove surface 242  extend 
remove surface 616  extend
webcut volume 47 with plane yplane imprint merge
volume 47 180 size .5
mesh volume 47 180						#Al_Spacer

remove surface 553 extend
remove surface 552 extend
mesh volume 3							#Cover bottom
	
remove surface 554  extend
volume 6 scheme sweep
mesh volume 6							#Cover Adapter

mesh volume 9							#Mount

webcut volume 10 sweep surface 15 perpendicular outward through_all tolerant_imprint merge include_neighbors
volume 10 size 1
mesh volume 10 181						#Cover top

webcut volume 62 with plane yplane imprint merge
volume 62 182 size .1
mesh volume 62 182						#Al_Spacer_plug

volume 136 size auto factor 5
mesh volume 136							#TLDs

volume 108 size auto factor 5
mesh volume 108

volume 133 size auto factor 5
mesh volume 133

volume 105 size auto factor 5
mesh volume 105

volume 130 size auto factor 5
mesh volume 130

volume 114 size auto factor 5
mesh volume 114

volume 139 size auto factor 5
mesh volume 139

volume 111 size auto factor 5
mesh volume 111

webcut volume 88 with plane yplane imprint merge
volume 88 183 size .03						#Foils
mesh volume 88 183

volume 89 size auto factor 5 #4 maybe
mesh volume 89

volume 87 size auto factor 7
mesh volume 87

volume 85 size auto factor 7
mesh volume 85

volume 83 size auto factor 7
mesh volume 83

volume 81 size auto factor 7
mesh volume 81

volume 79 size auto factor 7
mesh volume 79

volume 77 size auto factor 7
mesh volume 77

webcut volume 75 with plane yplane imprint merge
volume 75 184  size auto factor 5
mesh volume 75 184		

webcut volume 127 with plane from surface 387
volume 127 185 size auto factor 4
mesh volume 127 185						#Al Spacer (Toad)

webcut volume 1 with plane from surface 47 imprint merge	#Outside cone
webcut volume 186  with plane from surface 49 imprint merge
webcut volume 1 186 187 188 with plane from surface 46 imprint merge
webcut volume 1 186 187 188 189 190 191  with plane zplane imprint merge
webcut volume 191 196  with plane xplane offset 11 imprint merge
webcut volume 197 198  sweep surface 1290 1298  perpendicular inward through_all imprint merge
volume 197 198 size .08
mesh volume 1 186 187 192 188 193 196 194 189 191 190 195 197 198 199 200

#----------------
# Create Materials
#----------------

#create materials that match MCNP input material number

create material "MATERIAL_003" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_003" scalar_properties "DENSITY" 6.49

create material "MATERIAL_004" property_group "CUBIT-ABAQUS" 
modify material "MATERIAL_004" scalar_properties "DENSITY" 18.7
 
create material "MATERIAL_006" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_006" scalar_properties "DENSITY" 2.7

create material "MATERIAL_007" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_007" scalar_properties "DENSITY" 2.26

create material "MATERIAL_008" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_008" scalar_properties "DENSITY" 1.29e-09

create material "MATERIAL_009" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_009" scalar_properties "DENSITY" 1.4 

create material "MATERIAL_010" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_010" scalar_properties "DENSITY" 1.8

create material "MATERIAL_011" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_011" scalar_properties "DENSITY" 19.18 

create material "MATERIAL_012" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_012" scalar_properties "DENSITY" 9.019

create material "MATERIAL_013" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_013" scalar_properties "DENSITY" 6.913

create material "MATERIAL_014" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_014" scalar_properties "DENSITY" 2.646

create material "MATERIAL_015" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_015" scalar_properties "DENSITY" 4.303

create material "MATERIAL_016" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_016" scalar_properties "DENSITY" 18.27

create material "MATERIAL_017" property_group "CUBIT-ABAQUS"
 modify material "MATERIAL_017" scalar_properties "DENSITY" 5.815

create material "MATERIAL_018" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_018" scalar_properties "DENSITY" 1.8

create material "MATERIAL_020" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_020" scalar_properties "DENSITY" 3.8
 
create material "MATERIAL_021" property_group "CUBIT-ABAQUS" 
modify material "MATERIAL_021" scalar_properties "DENSITY" 7.8

create material "MATERIAL_022" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_022" scalar_properties "DENSITY" 7.87

create material "MATERIAL_023" property_group "CUBIT-ABAQUS"
modify material "MATERIAL_023" scalar_properties "DENSITY" 7.87

#----------------
# Create Blocks
#----------------

block 1 add volume 1 186 187 192 188 193 196 194 189 191 190 195 197 198 199 200
block 1 name "Cone_304_SS"
block 1 add material 'MATERIAL_022'

block 2 add volume 6
block 2 name "Cover_Adapter_17_4PH_SS"
block 2 add material 'MATERIAL_023'

block 30 add volume 9
block 30 name "Mount_17_4PH_SS"
block 30 add material 'MATERIAL_023'

block 31 add volume 10 181
block 31 name "Cover_Top_17_4PH_SS"
block 31 add material 'MATERIAL_023'

block 3 add volume 45 159 160 161
block 3 name "Zr_Cone_Zr_Shaping"
block 3 add material 'MATERIAL_003'

block 4 add volume 46
block 4 name "W_1_Cone_W_shaping"
block 4 add material 'MATERIAL_004'

block 32 add volume 163 166 164 56 165
block 32 name "W_2_W_shaping"
block 32 add material 'MATERIAL_004'

block 33 add volume 63 158
block 33 name "W_3_W_shaping"
block 33 add material 'MATERIAL_004'

block 34 add volume 65
block 34 name "W_3_Plug_W_shaping"
block 34 add material 'MATERIAL_004'

block 5 add volume 47 180
block 5 name "Al_Spacer_Al_shaping"
block 5 add material 'MATERIAL_006'

block 35 add volume 168 59 167 169
block 35 name "Al_6061_Ring2_Al_shaping"
block 35 add material 'MATERIAL_006'

block 36 add volume 60
block 36 name "Al_Spacer2_Al_shaping"
block 36 add material 'MATERIAL_006'

block 37 add volume 62 182
block 37 name "Al_Spacer_Plug_Al_shaping"
block 37 add material 'MATERIAL_006'

block 38 add volume 53 146 147 148 145 150 149 151 53 146 147 148
block 38 name "Al_6061_Ring1_Al_shaping"
block 38 add material 'MATERIAL_006'

block 6 add volume 68
block 6 name "C_Plug_Carbon_shaping"
block 6 add material 'MATERIAL_007'

block 39 add volume 66 157
block 39 name "C_Carbon_shaping"
block 39 add material 'MATERIAL_007'

block 7 add volume 71
block 7 name "Delrin_Plug_Delrin"
block 7 add material 'MATERIAL_009'

block 40 add volume 69 152 153 154 155 156
block 40 name "Delrin_Delrin"
block 40 add material 'MATERIAL_009'

block 8 add volume 72 162
block 8 name "Viton_Seal_Viton"
block 8 add  material 'MATERIAL_010'

block 9 add volume 39 42
block 9 name "Screw_Mounts_316_SS"
block 9 add material 'MATERIAL_021'

block 41 add volume 44 141 142
block 41 name "Drawer_Case_316_SS"
block 41 add material 'MATERIAL_021'

block 42 add volume 23 170 171 172 173 174 175 176 177 178 179
block 42 name "Drawer_Handle_Mount_316_SS"
block 42 add material 'MATERIAL_021'

block 43 add volume 26
block 43 name "Drawer_Handle_316_SS"
block 43 add material 'MATERIAL_021'

block 10 add volume 81
block 10 name "Al_foil_Al"
block 10 add material 'MATERIAL_014'

block 11 add volume 75 184
block 11 name "Au_foil1_Au"
block 11 add material 'MATERIAL_011'

block 12 add volume 77
block 12 name "Ni_foil_Ni"
block 12 add material 'MATERIAL_012'

block 13 add volume 79
block 13 name "In_foil_In"
block 13 add material 'MATERIAL_013'

block 14 add volume 83
block 14 name "Ti_foil_Ti"
block 14 add material 'MATERIAL_015'

block 15 add volume 85
block 15 name "W_foil_W"
block 15 add material 'MATERIAL_016'

block 16 add volume 87
block 16 name "Zr_foil_Zr"
block 16 add material 'MATERIAL_017'

block 17 add volume 89
block 17 name "Mg_foil_Mg"
block 17 add material 'MATERIAL_018'

block 18 add volume 130
block 18 name "TLD-100_#1"
block 18 add material 'MATERIAL_008'

block 19 add volume 105
block 19 name "TLD-400_#1"
block 19 add material 'MATERIAL_020'

block 20 add volume 127 185
block 20 name "Al_spacer_Toad_Option"
block 20 add material 'MATERIAL_014'

block 21 add volume 88 183
block 21 name"Au_foil2"
block 21 add material 'MATERIAL_011'

block 22 add volume 43
block 22 name "W_insert"
block 22 add material 'MATERIAL_004'

block 23 add volume 133
block 23 name "TLD-100_#2"
block 23 add material 'MATERIAL_008'

block 24 add volume 136
block 24 name "TLD-100_#3"
block 24 add material 'MATERIAL_008'

block 25 add volume 139
block 25 name "TLD-100_#4"
block 25 add material 'MATERIAL_008'

block 26 add volume 108
block 26 name "TLD-400_#2"
block 26 add material 'MATERIAL_020'

block 27 add volume 111
block 27 name "TLD-400_#3"
block 27 add material 'MATERIAL_020'

block 28 add volume 114
block 28 name "TLD-400_#4"
block 28 add material 'MATERIAL_020'

block 29 add volume 3
block 29 name "Cover_Bottom_304_SS"
block 29 add material 'MATERIAL_022'

#----------------
# Export an Abaqus Model
#----------------

#export abaqus "C:/Users/381305/Documents/Athena/Jou_to_Abq/Hexmesh/abaqus_athena_hexmesh.inp" instance block 1 source_csys 0 target_csys 0  instance block 2 source_csys 0 target_csys 0  instance block 3 source_csys 0 target_csys 0  instance block 4 source_csys 0 target_csys 0  instance block 5 source_csys 0 target_csys 0  instance block 6 source_csys 0 target_csys 0  instance block 7 source_csys 0 target_csys 0  instance block 8 source_csys 0 target_csys 0  instance block 9 source_csys 0 target_csys 0  instance block 10 source_csys 0 target_csys 0  instance block 11 source_csys 0 target_csys 0  instance block 12 source_csys 0 target_csys 0  instance block 13 source_csys 0 target_csys 0  instance block 14 source_csys 0 target_csys 0  instance block 15 source_csys 0 target_csys 0  instance block 16 source_csys 0 target_csys 0  instance block 17 source_csys 0 target_csys 0  instance block 18 source_csys 0 target_csys 0  instance block 19 source_csys 0 target_csys 0  instance block 20 source_csys 0 target_csys 0  instance block 21 source_csys 0 target_csys 0  instance block 22 source_csys 0 target_csys 0  instance block 23 source_csys 0 target_csys 0  instance block 24 source_csys 0 target_csys 0  instance block 25 source_csys 0 target_csys 0  instance block 26 source_csys 0 target_csys 0  instance block 27 source_csys 0 target_csys 0  instance block 28 source_csys 0 target_csys 0  instance block 29 source_csys 0 target_csys 0  instance block 30 source_csys 0 target_csys 0  instance block 31 source_csys 0 target_csys 0  instance block 32 source_csys 0 target_csys 0  instance block 33 source_csys 0 target_csys 0  instance block 34 source_csys 0 target_csys 0  instance block 35 source_csys 0 target_csys 0  instance block 36 source_csys 0 target_csys 0  instance block 37 source_csys 0 target_csys 0  instance block 38 source_csys 0 target_csys 0  instance block 39 source_csys 0 target_csys 0  instance block 40 source_csys 0 target_csys 0  instance block 41 source_csys 0 target_csys 0  instance block 42 source_csys 0 target_csys 0  instance block 43 source_csys 0 target_csys 0   dimension 3  overwrite  everything
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