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1 Introduction

1.1 Background

Welcome using MCAM. MCAM (Multi-Physics Coupling Analysis Modeling Program) is
developed by FDS Team, China.

As an integrated interface program between modern CAD systems and Monte Carlo radiation
transport simulation codes (SuperMC, MCNP, TRIPOLI, Geant4, FLUKA, PHITS, etc.), MCAM
not only realizes the bi-directional conversion between CAD models and Monte Carlo calculation
files, but also integrates the functions of creation, pre-processing, analysis and edition for CAD
models. With MCAM, users are free to use the CAD models created by commercial CAD systems
that support neutral CAD file formats such as STEP.

With the help of MCAM, users are able to load the existing CAD models created by
commercial CAD systems or create simple CAD models directly, then convert them into MCNP
calculation files. Contrarily, users also can invert the existing MCNP calculation files into CAD
models, then check or modify the models in MCAM.

More information please visits the website of FDS Team: www.fds.org.cn/en/.

1.2 Main Functions

MCAM includes five basic function modules. Some extended modules for special use have
been developed, such as reconstruction of the human body model based on 2D CT images and the
visualization of MCNP and TRIPOL calculation results. These extended modules are integrated in
special editions of MCAM.

(1) Preprocessor: Include the necessary functions for CAD engineering model pre-processing.

(2) Converter: Implement the converting function from CAD models into MCNP completed
calculation files.

(3) Inverter: Implement the reverse converting function from MCNP calculation files into

CAD models.

(4) Analyzer: Implement the visualization and interactive editing of CAD models, including
geometry information and neutronics properties.

(5) Creator: Implement the CAD model geometry constructing functions, including primitive
shapes creation, Boolean operation and geometry transformations, etc.

2 User Interface

Fig.2-1 shows the organization of the main window elements, which include Menu, Toolbar,
Tree View, 3D Graphic View. Information Window and Property dialog.
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Fig.2-1 MCAM User Interface
2.1 Menu
File
Create a new empty window. CAD models can then be imported into the new
New scene via the File/Import button, and the MCNP input files can be read via the
Tool/Read MCNP.
Open Launch the file browser. Use this to find and open a FDS format CAD model
P file.
Close Close the current window. If the model is modified, MCAM prompts to save
or discard the changes.
Save Save the model under the current file name.
Save as Save the current model under a new file name, or save the graphic view as a
v
tiff image file.
Import Import CAD models into the current window. The STP (STEP) and SAT,
P IGES format are supported.
Export Export the selected entities to a model file in SAT, STP or IGES format.
Print Print the contents in the current window.

Print Preview

Preview the printing effect.

Print Setup

Setup the printing parameters.

Exit

Quit MCAM.
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Edit

Undo Undo the operation of geometry modify
Redo Redo the operation of geometry modify
Select Solid Set the selection mode of solid.
Set the selection mode of surface. Choose a surface on an entity, the
Select Face . . . . . . L
information will be calculated and displayed in the information view.
Select Edge Set the selection mode of edge.

Select By Single
Click

Select entities by clicking left button of mouse.

Select By
Windows

Use mouse to drag a rectangle. The entities in the rectangle will be selected.

Delete Selection

Delete the selected entities.

View
. Set the rendering modes, such as Shaded, Triangulated, Hidden Line and
Display Model .
Wireframe.
Standard View Select the predefined standard orthographic and isometric views.
Camera that could be manipulated to change the current view of the model.
Camera

The camera operations include Orbit, Pan and Zoom in/out.

Topology Tree

Show/hide the tree view control on the left side.

Information
n_ rmat Show/hide the information windows at the bottom of MCAM.
Windows
Status Bar Show/hide the status bar.
Property Show/hide the property dialog box on the right side.

Orthographic

Use Orthographic mode to display the model.

Perspective

Use Perspective mode to display the model.

Shadow Show/hide the shadow of model.
XY section . . . .
X7 section Show/hide Cutting Planes, each button shows a locatable cutting plane in
- one of the three major axis directions and show it in the scene.

YZ section
Toolbar Show/hide each toolbar on the framework.
Preprocess

Implement the healing function to fix the imported models, which are
Heal created in other modeling systems, in order to eliminate the geometry error

and make them usable for conversion.
Scale Enlarge or reduce selected entities proportionally.

Decompose the complex entity into several simpler and smaller ones by
Decompose . -

adding auxiliary surfaces.

Reconstruct the model, in order to eliminate the tiny gaps and overlaps

Reconstruct between the neighbouring entities. The original model will be decomposed

into compound of several convex entities, which could be exploded into
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several component entities.

Check Check and fix the interferences between entities.

Explode Break a compound entity into several component entities.

Glue Combine several entities together as an integrated entity, which is opposite to
explode function.

Split Split a solid using a selected surface of its nature surfaces.

Lost Particle

Draw the trace of a particle that could help to find the position of lost
particles according to the MCNP calculation result file.

Count Surface

Count the number of surfaces of the selected entities.

Convert
. Launch the CAD-MCNP conversion module and convert the current CAD
Write MCNP . . .
model into a MCNP input file.
Launch the MCNP-CAD conversion module. Read the selected MCNP input
Read MCNP . - . .
file, invert it into a CAD model and display it.
Modeling
Line Create a straight line by specifying two coordinates.
Rectangle Create a rectangular polyline by specifying two corner coordinates.
Arc Create an arc by specifying three coordinates.
Block Create a block by specifying the two diagonal coordinates.
. Create a solid cylinder by specifying the center point for base and other end
Cylinder .
and the radius for base.
Sphere Create a sphere by specifying the center coordinate and radius.
Cone Create a solid cone by specifying the center point for base, peak point and
radius for base
Torus Create a torus by specifying the center, torus radius and tube radius.
. Create an ellipse torus by specifying the center, minor radius, normal, and
Ellipse Torus . . .
major radius and torus radius.
Hexagon Create and hexagonal prism by specifying the radius and height.
Modify
Union Combine selected solids by Boolean union operation.

Subtraction

Combine selected solids by subtraction, namely subtract solids from other
solids.

Intersection

Create composite solids from the intersection of two or more solids.

Move Displace entities a specified distance in the specified direction.
Rotate Rotate entities around a base point.
Copy Duplicate entities.

Rectangle Array

Create multiple copies of entities in a rectangle pattern.

Polar Array

Create multiple copies of entities in a polar pattern.

Slice

Slice entities with a plane, cylinder or sphere.
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Mirror Create a mirror image copy of entities.

Tools
Ontions Modify application settings, including the display effect, appearance, file
P format and interaction.
Settings Modify the important parameters for model conversion. Such as the
g precision used by conversion and the format of output file.
Windows
| Title | Arrange windows in horizontal, non-overlapping tiles.
Help
About Display the licenses information of MCAM.
\ersion Display the version information of MCAM.
Help Launch the MCAM user manual file.
2.2 Toolbar
File
Ded 8&dum
o File New: Create a new empty window. Files can then be imported into the new scene via
the File-Import button on menu.
o File Open: Locate and open a FDS format CAD File.
o File Save: Save the model under the current file name.
e Print: Print the contents of the current view.
e Import: Import CAD models into the current window. The STP (STEP) ,SAT and IGES
format are supported.
e Export: Export the selected entities to a model file in SAT, STP or IGES format.
Display Model
po i 8 § Q5
e Shaded: Set the rendering mode to Shaded.
e Triangulated: Set the rendering mode to Triangulated.
e Hidden-line: Set the rendering mode to Hidden-line.
o Wireframe: Set the rendering mode to Wireframe.
e Select by Solid: Use the mouse to select solid entities.
e Select by Surface: Use the mouse to select a surface.
e Select by Edge: Use the mouse to select an edge.
e Select by Window: Define a window to select entities.
Standard View

FAODDH @ Q& Q @t
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Top: Set the camera in the active view to the top of the object.

Bottom: Set the camera in the active view to the bottom.

Left: Set the camera in the active view to the left.

Right: Set the camera in the active view to the right.

Front: Set the camera in the active view to the front.

Back: Set the camera in the active view to the back.

Isometric: Set the camera in the active view to show the object in isometric position.
Zoom: Use the mouse to interactively change the camera field (Zoom in or out).
Zoom to Extents: Reset the camera to view the entire scene.

Zoom to Window: Use the mouse to define a new camera view field.

Orbit: Use the mouse to interactively orbit the camera.

Pan: Use the mouse to interactively pan the camera in the active view.

Test Performance: Animate the model in the scene to test the performance. Display the
information about the performance (in frames/second) achieved.

Section View

il i 2

Create Cutting Plane: Each button shows a locatable cutting plane in one of the three
major axis directions and inserts it into the scene. A reference range of the whole entities
is given in a dialog. At the same time, an edit box is given below with a default value
which can be changed before clicking the <ok> button. Clicking again removes the
cutting plane. Holding Down [SHIFT] and clicking on the button while the cutting plane
is active removes the handles from the plane. Use the mouse to interactively rotate/pan the
cutting plane to see the sections of models in various planes.

Modeling and Modify

GO0OA®EER OC © ¢ 0%BITS| 2

Blocks: Create a block.

Cylinder: Create a cylinder.

Sphere: Create a sphere.

Cone: Create a cone.

Torus: Create a torus.

Ellipse Torus: Create an ellipse torus.

Hexa: Create a hexagonal prism.

Union: Combine the selected solids by addition.

Subtraction: Combine selected solids by subtraction, namely subtract solids from other
solids.

Intersection: Create composite solids from the intersection of two or more solids and
remove the areas outside of the intersection.

Move: Displace entities by a specified distance in a specified direction.

Rotate: Rotate entities round a base point and an axis.

Copy: Duplicate entities.

Rectangle Array: Create multiple copies of the selected entities in a rectangle pattern.
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e Polar Array: Create multiple copies of entities in a polar pattern.
o Slice: Slice entities with a plane, cylinder or sphere.
e Mirror: Create a mirror image copy of entities.

Preprocess and Convert

g 09me E B M A

o Heal: Heal the imported models created in other modeling systems into MCAM in order
to make them usable.

Scale: Enlarge or reduce selected entities proportionally.

Decompose: Decompose the complex entity into several simply ones.

Reconstruct: Reconstruct the model, in order to eliminate the tiny gaps and overlaps
between the neighbouring entities. The original model will be decomposed into
compound of several convex entities, which could be exploded into several
component entities.

Check: Check the interference among the entities.

Explode: Break a compound entity into several component entities.

Glue: Combine several entities together as an integrated entity.

Write MCNP: Convert the CAD model in the active view into a MCNP input file.
Read MCNP: Load a MCNP input file, convert it into a CAD model and display the
model in the active view.

2.3 Tree View

Click the View /Topology Tree button on the menu will display the tree view in the left side
of the main frame. Each node on the tree represents a group of entities or one entity in the main
view. If a node is selected, corresponding entities will be highlighted in the main view. Different
node icons represent different states of the group and entity, for example, <Hidden> or <Shown>.

The nodes in the tree view include root node, group node and entity node. When click the
right button of mouse on nodes, different pop-up menus will appear and the relevant processing
functions will be supplied. Three kinds of pop-up menus corresponding to three kinds of nodes
will be introduced in the following.
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Fig. 2.3-1 Feature of tree view.

Icons of tree node

The icon of root tree node and group tree node, which is in folded state.

The icon of root tree node and group tree node, which is unfolded state.

All the entities under the group tree node are hidden.

ol The entity in <Shown> state.

The entity is selected.

The entity in <Hidden> state.

|
i
vl The entity has been successfully converted into cell description of MCNP.
a

The entity has not been converted into cell description of MCNP successfully.

The format of the entity node in the tree view is <xxx(yyy)>. <xxx> is the serial number of
entity list. If the model is reverted from MCNP file, <yyy> has meaning that represent the cell
number in MCNP file.

FDS Team, China -8-



Pop-up menus of root tree node
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Fig. 2.3-2 Pop-up menus of root tree node

Add New Group Add a new group node under the root tree node.

Import Entities Import the entities under the root tree node.

Export Entities

Whole model Export all the entities under the root tree node into CAD file.

Export the entities under the group node into CAD file

Group
respectively. The name of the CAD file is same as the group’s.
single Export each entity under the root tree node into a CAD file
respectively.
Hide Hide all the entities under the root tree node.
Redisplay Redisplay the hidden entities under the root tree node.
Expand Unfold all the group tree nodes.
Fold Fold all the group tree nodes.

Select all the entities under the root tree node, including the

Select All Entities e
entities in hidden state.

Select the entities under the root tree node which are not in

Select Entities in View .
hidden state.

Re-sort the sequence number of entities under the root tree node.

Reset cell Number )
The number begins from <1>.
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Pop-up menus of group tree node
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Fig. 2.3-3 Pop-up menus of group tree node

Select all the entities under the group tree node. When there are hidden

Select Grou
P entities included, a dialogue box will be displayed.

Yes Display and select the hidden entities.
No Do not display and select the hidden entities.
Export Entities
Group Export the entities under the group node into a CAD file. The group name is

used as CAD file name.

single Export each entity under the group node into CAD file respectively, which
i

are saved in a folder whose name is the group’s.

Import Entities Import a CAD file into the selected group.

Rename Rename the selected group.

Delete all the entities under the selected group, including the group tree
Delete Group

node.
Hide Group Hide all the entities under the group.

Display Group Display all the entities under the group.

Display Singly Display only the selected group and hide the other groups.

Note: If the selected group is in hidden state, only <Display Group> and <Display Singly>
items are available.
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Pop-up menus of entity tree node
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Fig. 2.3-4 Pop-up menus of entity tree node

Property Display the property dialog box that supports editing of graphic
and MCNP related properties.

Export Entity Export the selected entity into a CAD file.

Delete Entity Delete the selected entity.

Hide Entity Hide the selected entity.

Display Entity Display the selected entity.

Rename Rename the selected entity.

Move To Group Move the selected entity into another group.

Note: If the entity is in the hidden state, only <display> item is available.

Pop-up menus of tree view

The menu will display when click mouse right button in the tree view but not on tree node.

FDS Team, China -11-



I NCAN 4.8 Beta Versio

8 File Edit Wiew FPreproces

DEEH S@m@ gt
(PR 0 A @@
ol x|

= Efi Meoaml
= Efi nnamed

- BEeY

DeSelecthll

Befresh Ttem
Show State

Back Ground Color

Fig. 2.3-4 Pop-up menus of tree view

Deselect All Deselect all the entities.
Refresh Item Refresh the entity to the original state.
Show that the entity can be converted into cell description
Show State successfully. The state is saved as a property of entity which can
be checked when the entity is loaded again.
Back Ground Color Set the background color.
2.4 Main View

The CAD model will be displayed in the main view. Users can observe, manipulate and
modify the CAD model with different display mode. The entities in the model could be selected by
mouse click and the selected entities will be highlighted.

The user could launch the popup menu by right clicking mouse button in the main view.
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Pop-up menus in main window:

Fan
Orbit

W Select Body
Select Farce
Select Edge

Zoom Select
Zoom Windows
Vizibility L
Eender Mode L
Standard View P

Al Section
¥Z Section
XL Section

Import entity
Export Entity

Hide Entity
Delete Entity

Froperty

Fig. 2.3-5 Pop-up menus in main window

Exit Cancel the selection and exit the selection mode.
Pan Use the mouse to interactively pan the camera in the active view.
Orbit Use the mouse to interactively orbit the camera.
Select Body Set the selection mode of solid.
Set the selection mode of surface. Chooses a surface and obtain the
Select Face . . . . .
equation and parameter in the information view.
Select Edge Set the selection mode of edge.
Zoom Select Reset the camera to view the selected entities.

Zoom Windows

Use the mouse to define a new camera view field.

Visibility

Set the visibility of objects in the main view, including vertices, edges,
faces, lights. Select to display the capping plane or the capping line when
using Cutting Plane.

Rendering mode

Set the rendering modes, such as Shaded, Triangulated, Hidden Line and
Wireframe.

Standard View Select the predefined standard orthographic and isometric views.
XY section

YZ section Show/Hide the X, Y, Z direction cutting planes.

XZ section

FDS Team, China
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Import Entity Import entities into the current view.
Export Entity Export the selected entities into a CAD file.
Hidden Hide the selected entities.
Delete Delete the selected entities.
Open up the property dialog box. Display the properties of the selected
Property enFiity p property g play prop

2.5 Information view

The information view is in the bottom of frame. It is used to display the basic information,
e.g., the equation and parameter of surface, executive outcomes of functions.

1= »Type of the surface iz: CYLINDER

:=»The description of the swface iz: CZ 10, 00000000

:=3The ares of the swface iz: 1534.955592

:=7Radius: 10.000000, #xis Wermal: (0.000000, 0.000000, 1.000000), Reot Foint: (0.000000, O.000000, O.000000)
:=3Type of the surface is: EllipseTorus

:=3The descriptien of the swrface iz: TZ 0.0 0.0 0.0 20, 00000000 10, Qooo0000 5. 00000000

:=3The ares of the zurface is: BOST. 431551

Fig. 2.5-1 Information view
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3 Functions

3.1 I/0O Functions

MCAM is capable of loading and displaying the CAD file. The following file formats are
available: FDS(MCAM solid file),SAT( ACIS object solid file), STEP( ISO standard exchange
file). User can open the FDS format CAD file or import the CAD model directly into the current
view.

3.1.1 Open

']

e File Toolbar L=

e Menu: File/Open

Open and load an existing FDS format CAD file. A new window will be created and the
model will be loaded and displayed in the new window.

Only FDS format CAD file is supported. User can load several CAD files at one time.

3.1.2 Import

e Menu: File/Import

o Tree View: Root tree node/Popup menu/Import
Group tree node/Popup menu/Import

e Main View: Popup menu/Import Entity

Import the CAD model into the current active view, and then a message box appears. User
can choose whether to keep the group information of the imported entities.

ECAN x|

1 ] Do you want to use filename as the Group name for imported CELLs (Yes), or keep the original Group information (Ho)?
LY

He | Canecel |

Yes: Create a new group tree node in the tree view control, add all the entities of this CAD
file into the group and use the file name as the group name.

No: Keep the group information in the CAD file that has been grouped and edited. Create
several group tree nodes according to the group information in it. Add the entities into the groups
respectively base on their group attributes.

3.1.3 Save

e File Toolbar =
e Menu: File/Save or File/Save as

Save the CAD model in the current view to the appointed location. Under the current file
name or a new file name. Only FDS file format is supported.

Or, use Save as menu to save the graphic view as a tiff image file.

FDS Team, China -15-



3.1.4 Export

e Menu: File/Export
o Tree View: Root tree node/Popup menu/Export
Group tree node/Popup menu/Export
Group tree node/Popup menu/ExportEach
e Main View: Popup menu/Export Entity

A file save dialogue box is displayed to export the CAD model in the current view into the
selected model file. The SAT, STEP file format are both supported. The SAT format will keep the
necessary information, such as the group attribute, color, material, neutron/photon importance, etc.
As for the STEP format, only the geometry information will be kept, the group attribute, color and
other properties will be lost.

3.2 Preprocess

The preprocess functions include Scale, Heal, Overlap Check, Decompose, Explode, Glue and
Reconstruct. The purpose of preprocessing is to prepare an available CAD input model from the
CAD engineering model before converting it into a MCNP input file.

3.2.1 Scale

0
e Preprocess Toolbar ¥
e Menu: Preprocess/Scale

The engineering CAD models usually use mm as the unit of dimension. But many Monte
Carlo calculations models use cm instead. So when the engineering CAD model is read by
MCAM, the users should enlarge or reduce the model.

The maximum dimension of the model which can be smoothly converted by MCAM is
10000(cm), i.e. The X, Y, Z of the model should be inside the range from -5000 to  5000. If the
model cannot be converted successfully, please check the size of the model, and use the scale
function to reduce the size of it.

Scale Nodel Dialog H

Setting Of Scale

{* Scale Whole Model Scale Ratio |1
[ Seale Selected Cells (2 vahe beteeen 0.001 and 1000)
L OK Cancel

A dialog box appears when users use scale function.

e Scale Whole Model:  All the entities in the model will be scaled.

e Scale Selected Cells:  Only the selected entities will be scaled.

e Scale Ratio: The dimension unit ratio of the engineering CAD model to Monte Carlo
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calculations model.

3.2.2 Heal

e Preprocess Toolbar &

e Menu: Preprocess/Heal

When a geometry model is created in some other modeling system and translated into
MCAM, such a model may be imprecise due to the inherent limitations of their parent systems, or
due to limitations of data transfer through neutral file formats such as STEP. This leads to
problems such as gaps between entities, and the absence of topology connectivity information.

The Heal function can be used to detect and correct the error in CAD models in order to make
them usable. Heal function may not be able to correct all of the problems that may exist in a model,
but it will detect and correct a large percentage of them.

A Message box appears when users select to heal CAD models. Users can choose to heal all
the entities in the model (Yes) or just heal the selected entities (No).

NCANE x|

! Heal the Whole Model (Yes), or the Selected Cells (Hol?
LY

Ho | Cancel |

3.2.3 Check

e Preprocess Toolbar 3
e Menu: Preprocess/Check

Interferences may exist between neighboring entities in the engineering CAD model, but are
forbidden by MC particle transport codes such as MCNP. The interferences will cause the particle
loss. The check function will detect and eliminate this kind of errors in CAD engineering models.

The user can choose whether to fix the overlaps automatically or only show them. The
numbers of neighboring entities that have overlaps will be printed in the information window.

ECANX x|

, Are you swe to fix the interfere in the model?
\_‘:(/ “Tez” for check and fix, “Ho” for check only.

Ha | Cancel |

3.2.4 Decompose

e Preprocess Toolbar 00

e Menu: Preprocess/Decompose
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The engineering CAD model always has complex geometry and contains many curve
surfaces. MCNP limits the length of cell description. So an entity with complex geometry has to be
decomposed into several small simple entities.

This function helps to add auxiliary surfaces to decompose the model into smaller ones.

Decompose Parameter

Setting Of Decomposition

Option Ohjacts

[v Auto-Split {* Decompose Whole Model

v RE*’-"JI“SI‘FEE?‘ (™ Decompose Selected Calls
Max Decompose Level |1|:'

oK | Cancel |

Auto-Split: Decomposed the entity, choose to explode its component lumps into independent
entities or glue them together as an integrated entity.

Recursively: Choose whether to decompose the entities recursively or not.
Max Decompose Level: The depth of recursive decomposition.
Decompose whole model: Decompose the whole model in the current view.

Decompose selected model: Decompose the entities in selection.

3.2.5 Reconstruct

i}
e Preprocess Toolbar &
e Menu: Preprocess/Reconstruct

The reconstruct function is developed for two purposes. The first one is to eliminate the tiny
gap and overlap between the adjacent entities that should have same boundary surface. The second
one is to decompose the entity by using of the surfaces on entities. The reconstruction decomposes
the entity into set of convex entities. Then explode function could be used to break the compound
entity into its component entities.

A Message box will be displayed when select to reconstruct the model. User can select to
reconstruct all the entities in the current view or reconstruct the selected entities.

ECANX x|

L.
\l’) Eeconstruct the whole model (Tes), or just the selected cell (Ho)?

Ho | Cancel |
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3.2.6 Explode

e Preprocess Toolbar R
e Menu: Preprocess/Explode

After process of decomposition or reconstruction, an entity is composed of several entities.
The explode function can help to break it into component entities. This function is designed only
to explode the selected entities.

3.2.7 Glue

e Preprocess Toolbar &
e Menu: Preprocess/Glue

Glue is opposite to Explode, which is to compose the selected entities as a whole one.

3.2.8 Split
e Menu: Preprocess/Split

This function is designed to split an entity using one of its decomposing surfaces. First
change to FACE select mode, and select a face. Then click <Split> and the entity will be split into
two parts.

3.2.9 Count Surfaces
e Menu: Preprocess/Count Surfaces

This function is developed to count the surfaces of selected or whole entities. A Message box
will be displayed when select to count the surfaces. User can select to count the surfaces of all the
entities in the current view or just the selected entities.

L] Count the surface of the whole model (Yes), or just the selected cell (Hol?
L)

=T =) By

3.3 Conversion (CAD — MCNP)
3.3.1 User Interface

e Toolbar o

e Menu: Convert /Write MCNP

This function realizes the conversion from a CAD model to a MCNP input file. The CAD
model has to be preprocessed according to the actual state of model before conversion.
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A dialog box will be displayed helping users to set the parameters before conversion.

Conwerter Setting f5_<|

I Faunin stand alone process

f* Whole model i Selected cells
W Set cell Mo, from |1
Start suface Ho. |1

Output file  |C:(Program Files\ASIPPIMCAM: ..

Iv With Material |C:'IPrcug;ram Files\d STPPAMC AR .

Iv With SDEF |C:'I.Prcugxam Files\4 STPPAMCAN: .

| With TALLY |C:'IPrcug;ra.mFﬂes'l.ASIPP'l.I-.-ICAM=

v Cmtput vohime card

Click <More> button to see more settings shown in below figure.
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[V Fan in stand alone process

(¢ Whole model (" Selected cells
[V Set cell No. from |1
Start surface No. |1

Cutput file IC:"ngram Files\&SIPPMC AR< _]

V' With Material |C:{Program Files\ASIPPMCAM: .. |

IV With SDEF  |CilProgram Files\ASIPPMCAM: .. |

¥ With TALLY |C:Program Files\bSIPPMCAM: .. |

[~ Output vohume card

OK ] Cancel j More ]

— MCHNP Files Format Setting
Float format [%15.8{'
Science format [%15.8e

IV Generat void space

[~ Reflecting surfaces |(40001 40002)

|40001 P 08 06 00 00

l40002 P 08 -06 00 00
— Void Setting

Void Type

" #CellNo Cell Lirit |V

" #CellDesc Face Limit  |800
¢ Complement

" Optimized Min Cell Size | 11

3.3.2 Conversion parameter setting

Run in stand-alone process: Call an independent background application to complete the
conversion.

Whole model & selected cells: Convert the whole model in current view or just the
selected entities.

Set cell No. from: Assign the starting number of cells in the MCNP input file.

Start surface No.: Assign the starting number of surface equations in the MCNP input file.
Output File: The location and name of the generated MCNP input file. Users can change
them by the browser button on right side.

With Material: The location and name of the material specification file. Users can change
them by the browser button on right side. This file may be generated by the Material Card
Edit function of MCAM.

With SDEF: The location and name of the source specification file. Users can change
them by the browser button on right side. This file may be generated by the Source Card
Edit function of MCAM.

With TALLY: The location and name of the tally specification file. Users can change them
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by the browser button on right side. This file may be generated by the Tally Card Edit
function of MCAM.

Output volume card: Whether to generate the volume card.

Floating format: The format of the float value expression in the MCNP file.

Scientific format: The format of the scientific value expression in the MCNP file.
Generate void space: Whether to generate the void space descriptions. If the CAD model
already contains the void space entities. This option need not to be checked.

Generate reflect surface: Add two reflecting surface numbers in the void space
descriptions to describe the model with reflect surfaces. Input the surface equations of two
reflecting surfaces. The equation description of a surface can be obtained using Face
Selection function.

\Void Type

# CellNo: Use boxes to bool subtract (#) the cell no.;

# CellDesc: Use boxes to bool subtract (#) the cell description;

Complement: Eliminate the <#> character in the void cell description. This type is
recommended,;

Optimized: The optimized description of the <complement> type. This type usually does
not work for complex geometry.

Cell Limit: Change the cell limit and surface limit to adjust the length of void cell
description, to avoid that the length of void cell description exceed 1000 which is the limit
of MCNP. The length will increase if the value is enlarged.

Surface Limit:  Change the cell limit and surface limit to adjust the length of void cell
description, to avoid that the length of void cell description exceed 1000 which is the limit
of MCNP. The length will increase if the value is enlarged.

Min Cell Size: The minimum size of void cell.

3.3.3 Global Config Setting

Menu: Tools / Setting

The configurations contain the format of the MCNP files and related parameters for conversion.
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Setting Dialog

X

Dialog l
Setting OF MCHF Files Format

‘width OF Cell 3 ‘width OF Blank 3
‘width OF b aterial 3 “width OF Line 75

Flnat Format |15,

Science Format |f'é1 5.8e

Setting OF Cornvertion Config

Mirimal Abs W Minimal Wolurne W
Maxima &bz lm Max BoundBox Size Iﬂi
Pozition Delta IW Box Enlarge Scale |47
Direction Delta W

Reset
OF. | Cancel ‘ ‘

Setting of MCNP files format:

e Width of cell: The length of cell number in the MCNP input file.

e Width of Blanket: The length of the blank between cell number, material number, material
density and cells description.

o Width of Material: The length of material number in the MCNP input file.

e Width of line: The limit length of line in the MCNP input file.

o Float Format: The format of the float value in MCNP file.

e Science Format: The format of the science value in the MCNP file.

e Minimal abs & Maxima abs: The values between the Minimal abs and Maxima abs that
will be defined with float format, the others will use science format.

Setting of conversion:

e Minimal Volume: The limit minimal volume of model. If the volumes of entities are less
than this value, which will not be processed by MCAM, The unit of minimal volume is
cm3, and the default value is 10-6.

e Max recursion: This value defines the recursive depth of decomposition during the
conversion. The default value is 5. However, if the users want to convert some models
with complex geometry they should increase the value of max recursion.

e Max Bound Box: This value defines the dimension of outer space. For example, if the
value is 3000, it means the outer space is from -1500 to 1500 in the direction of X, Y, Z
axis. The default value is <0>, which means MCAM will calculate the dimension of outer
space according to the CAD model automatically.

e Box Enlarge scale: The value is used to calculate the dimension of outer space
automatically. The default value is <4>.

e Position Delta & Direction Delta: If the position and direction distance of two similar
faces is less than the tolerance. The two surfaces will be merged during the conversion.
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3.3.4 Note: Problem of Spline Surfaces

This function reminds users if there are spline surfaces in the models to be converted. A
Message box will be displayed to prompt users whether to continue. User can press <Yes> to
continue or press <No> to cancel the conversion. It is suggested that the conversion be cancelled
and some operations be done to treat these spline surfaces depending on manual implementation as
MCAMA4.8 cannot deal with spline surfaces and errors may occur in MCNP file obtained.

1} Some eells contain spline surfaces which will net be comwverted, do you want to continue (Yes), or cancel (Ha)?
LI

3.3.5 Typical problems and solutions

e Conversion cannot be finished correctly for some complex models.

Solutions: It is suggested that the automatic decompose function of MCAMA4.8 for the
complex models be done firstly. As user like, you can use the commercial CAD software
to decompose manually, then import to MCAM.

e When using MCNP program to calculate some MCNP input files obtained by conversion

function of MCAM4.8, the MCNP calculation result file showed that some particles were
lost.
Solutions: Firstly, check that all the entities were converted successfully (no <fail>
characters in the generated MCNP input file). Check whether there is tangent of plane and
cylinder in the original CAD models which is suggested to be manual decomposed. If you
still have any questions, please contact to fds@ipp.ac.cn.

3.4 Inversion (MCNP-CAD)

3.4.1 User Interface

e Toolbar 1

e Menu: Tool /Read MCNP

Opposite to conversion function, the inverter of MCAM realizes the conversion from a
MCNP input file to a CAD model and visualized it. The current version of MCAM supports the
cell card, surface card, material card and the description of repeated structure is also available. for
example the <U> card, <Fill> card, <TR> card , <Like m But> card etc.

The current version of MCAM can not check and fix the errors in the input file, so please
make sure that the file does not have any errors.

When a MCNP input file is chosen, a dialog box for parameter setting will be displayed.
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[V Showr inverted cells in new model

|7 Invert void cells (no material)

OK l Cancel

e Show inverted cells in new model: MCAM will create a new model and show the
inverted cells in a new view.

e Invert void cells (no material): Whether invert the void space cells (Material No. is
Z€ero).

3.4.2 Typical problems and solutions

e When a MCNP input file is very complex, for example, thousands of repeated structure
contained in it with<lat>and <u>card, the inversion process of MCAM may collapse in
the process of inverting as the memory consumption of MCAM more than 2G.

Solutions: The reason is that the memory consumption of 32bit application is allowed at most

2G in the Microsoft operating system. It is suggested that manual splitting of the MCNP input file
be done firstly.

3.5 Properties Edit

3.5.1 Summarize

e Menu: View /Property

*  When an entity is selected, click the <property> item in right-click pop-up menu is
enabled.

*  When a entity node in tree view is selected, click the <property> item in right-click
pop-up menu.

*  When choose the properties edit function, the property dialog box will be displayed
on the right side of the framework. The properties include the graphic property,
MCNP property and Source/Tally property. User can display, edit and change the
related properties of models.
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3.5.2 Graphic Property

Graph |WCHE | Source/Tally |

Entity Information

Entity Type: Body
¥ (0000 ™ 10,0000
T (@000 10,0000
T:([0.000 ™ 10,0000

Group Information
Entity 1

Group Hame

Display

Colar | ||"|

Transparence O %

1

Apply Close |

Fig.3.5.2-1 Graphic property

e Entity Information:
Display the type of selection, such as body, surface and edge. When a group node in the
tree view is selected, the number of entities in this group will be displayed.
Display the bound box of selection if the selection is body. When a group node in the tree
view is selected, the bound box of entities in this group will be displayed.

e Group Information:
Display the group and entity name when the group node or entity node in the tree view is
selected.

e Color:
Display and assign the color information of the selected entities. Users must click <Apply>

button to change the assignment.

e Transparence:
Change the transparence of the selected entities. Users can use the slide control to modify

the value of transparence.
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3.5.3 MCNP Property

Graph  MCHE lSnurcefTally]

Material Information

Humber : | _:J

Denzity

Ballt Japadel Card |

Importance

M w1

mmpr 1

INF = O

¥olume

1000 o 3
Eemarlk

Addi tory MCHP Property

Apply I Clo=e

Fig. 3.5.3-1 MCNP property

e Material Information:
Material Number: Assign the material number on the selected entities or groups. This
assignment can be automatically entered into force without clicking <Apply> button.
Density: Assign the density on the selected entities or group. Do not forget to click
<Apply> button to activate the assignment.

e Importance:

IMP P: The photon importance.

IMP N: The neutron importance.

IMP e: The electron importance.
e \Volume:

Calculate and display the volume of the selected entity or entities.
e Remark:

Add remark information in the cell description behind the symbol <$>.
e Additory MCNP Property:
Add additional information after the importance information in the cell description.

3.5.4 Material Card Edit

By the material editing function the users can edit the material properties for MCNP
calculation. Click [Edit Material Card button, the material editing dialog box is displayed. The
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main flow of generating material card is shown as follows:

1)

2)

3)

Click button, add new material name whose format is <Mxxx>, and xxx is a positive
integer less than 5000. Double click the item can modify the name. Click button to
delete the selected material name.

User can edit the material card manually. Select a material in left list box, the Material Card
Box will be editable. Input the material information and then click the material name in left
list box again, the material card will be generated and saved.

Or, user can edit the material card using the Material Information Process System of MCAM.
Select a material in left list box, the Edit Material button will be editable. Click it and the
material choosing dialog box will be pop up.

e [
=

— Comporition  Nuclida |

m Fuclide .00c Symbol Density Percent A
1 20040 .00¢ Cadd 2, 3575002 b, = 95, 94100%
2 20042 _00e Cad2 | 1,5T35e-004 ab.= 0. 84700%
3 20043 _00e Cad3 |3, 2831e-00% ab.= 0. 13500%
4 20044 _00e Cadd |5 0T30e-004 ab.= 2 08800%
s 20046 _00e Cadh 9. T27T7e=007 ab.= 0.00400%
20048 _00e Cadf 4. 54T7e=005 ab.= 0. 18700%
AddTpalete /Save Material % 1001 e Hl | 4. 8631002 ab. = 99 SESO0% ‘ Dinsite ‘
\ N g 1002 .D0c H2 | 7.2858.-008 ab.= 0. 01500% .
N, LR
\ A /

« « %
Add | Delte| Save |  Edit Material]  SeresmMuckids| Gemerate Material Card | Dexsity: |0.072938

o L T T LT T T oy
C o 100.00% CaH2 Mass Dansity: 1 7000e+000
© Total Atem Density = 7 2958002
c

M2

2004000 23575002 $Cad0 ab.=95.94!00°/4 Sereening library ‘ ‘ Generate Material Card |

- 2004200c 15735004 §Cad2 ab.= 0.54700%]
Material Card Box 2004300c 32831005 $Ca43 sho= 0.13500%
~— 2004400c 507306004 $Cadd b= 2.08500%
~J, 2004600 97277007 $Cad6 ab= 0.00400%
2004800 45477005 $Cad8 ab= 0.15700%
1001 21e 4 2631e-002 $H1  sho= 99 9E500% Save Material Card
100221c 72058006 $H2 ab= 0.01500% | B

T

Load | Save all I OK | Cancel

Fig. 3.5.4-1 Material Card Editing Dialog Box
Compound/ Elements and Mixture are supplied to generate material. Users can click elements
button to check related information of certain elements, click items in Compound/Elements
and Mixture list box to check or edit the related information of certain compound and
mixture(see introduction of <Material Information Process System> as following). When
users have selected certain Compound/Elements ,or Mixture items with inputting the right

ratios of each composition's volume(from 0% to 100%), then click <OK> button to return
back the <Material Information Process System>, and the material information will be
selected in the <Selected> list box. Meanwhile, new material can be added by <Add> button
(see introduction of <Add Material Dialog Box >as following ).
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Add new Material Reselect Material

Hateranl Inforsxtiom Frocess Syxtem

@ Voloew Tietion . Al l o
s nten Material Information Process System
P Select l East I
™ Azer. Frwctea
[Porgoard Ekrnct: Mocrae Salacted
1 2 | [
" e |
— EE0FlOMET A | AW P
3| 4 Elemenis sl el xls]|s]|n BaC iicrzvﬁ’l‘.
Li | Te plc|inlo ¥e | | e PR 2WNTST
nl oz TIEOEOEGEDED Cc:‘:guom ]ﬁ;fr
He | Mg Al alrls A | e P
w| = 21'22‘2”:0‘2:;2;.27 2| ® 0| 3| 2] 0] »| x| x|||4 CLAN-T
B G| 2| Ti| V| G| WMn| Fe|Co| Hi| Co Zn| Ga| G| ao! 5| Be| K| |Juzo CLaYDa .
3| » :oi | 4 } 2l ol w sl el vl e vl o a2 o =« :::m E:‘*m Material Chosed
Sl Tl Zelm | Te| Po| BR| A [ 2iTed 11X Q0N
LR | Ze : lb' Te ’ Fo ! Bh| P4 g ! 4 n | Sa ] " | L0175883 o peE
| =% | n| ) sl w] ] w] v w|u| ] o] ] oes] oes]|lze LooR-<
G| R B To| Wi Bl Ol 1l Pl el Bel M| A Bl B! Ml Bnl|liczes Lo A0S
| m IR R LAz EURCIERS A
£ 1R [ ) R o femorert
7| = » @ ol ol ol &l 6l 7l @ & 0 Tl Mo ey
la| Co| Pe| Wi| Pm| | Ee| G| T | Dy| Ho| Ez [ Tm! T | Ln (5 e
| s 9| 2l wl sl sl | 7] | w1 0w m Ti L2
Ac| Th| Pof U | Wp| Pe|dm| Con| Br | & | B | Fn| Wi Ko Le| P02 TLF:1(FeCed™)
L MR ¥

Fig. 3.5.4-2 Material Information Process System

4) In addition, the composition of material and isotopes of element have been determined, if
users want to check and edit the compositions of the material or isotope ratios of elements.
Click button to check and edit the relevant elements and ratios.

Naterial Informatiom...

o 7 100 %

Ilass Density: 1 glam’s
MalemilariFeizht 4951524
. igh Edit

Composition
Delate

Melting Point: -53353 K
Boiling Point: -RH3HF K

Information |

Fig. 3.5.4-3 Material Information Dialog Box
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Composition. ..

Elements Atom Humber:
|.: |22

c |

H At W Im
H

0

Fig. 3.5.4-4 Composition Dialog Box

5) Well, when Ll button has been clicked, new materials(Compound/ Elements and

Mixture) can be added and edited in this Dialog Box. When users choose item <Add
Compound/ Elements >,element and isotope can be selected ,and Compound/ Elements &
Mixture can be selected when users choose item <Add Mixture>. Meanwhile, other
information of the new material like Name , Mass ,Melting etc can be setting in this Dialog.

Then, users can click the <add> button to add the new material to the material database. Of
course, users can also reselect new material by using the<Reselect> button and cancel the

operation by using the<Exit> button.

Add Naterial

|

Fig. 3.5.4-5 Add Material Dialog Box
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6) When finish the material editing, Click <OK> to return to <Material Card Editing Dialog
Box>. Relevant material information is displayed in the material composition table, and
nuclide information is displayed in the nuclide table. Users can edit some detail information

for calculation with these two tables.

Haterial Card §|
Composition lNu.c].i.de l
In Composition Symbol Density Percent -
1 CL&M CLaM T.8000e+000 | 100, 00%
W

Add | De].ete| Save | Edit Material| Screen Nuclide Generate Material Card | Density: |0.084144

B

C
C 100.00% CLAM Mass Density:7.2000e+000
C Total &tom Density = 8.4144e-002
C
M1

26054 21c  43223e-003 $Fe3d  sb= 5.50000%

26056.21c  6.8412e-002 $Fe36  sh=31.30000%

2605721 1.5650e-003 $Fe57  sh= 2.10000%

2605821 2.2357e-004 $Fe52  sh= 0.30000%

2405021 3.5367e-004 $Ce50  sh= 4.35000%

2405221 £.851242-003 $Cr52  ab=53.79000%

2405321 7.7238e-004 $Cx53  sh= 2.50000%

24054 21c 19188004 $Cx54  abh= 2.36000%

601221c 38673004 $C12  ab= 3B.833000%

G013.42c 43403006 $C13  ab= 1.11000% 2

Load Save all ‘ QK | Caneel

Fig. 3.5.4-6 <Material Composition Table> contains Composition ID,
Composition Name, Symbol, Density and Percent.
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]

Haterial Card

M1 Composition  Muclide I

In Huclide .00e Symbal Density Percent tas
1 20040 .00« Catd 2 3575e-00Z ab. = 96, 94100%
Z 20042 .00« CatZ 1.5735e-004 ab. = 0. 84T00%
3 20043 .00« Catd 3 2831e-003 ab. = 0. 13500%
4 20044 .00« Cadd 5 0730e-004 ab. = 2. 03600%
5 20046 . 00e Cath 9 T2TTe-00T ab. = 0. 00400%
B 20045 . 00e Catd 4. 54TTe-005 ab. = 0. 18T00%
T 1001 . 00e Hl  4.8631.-002 ab. = 39. 33500%
g 100z . 00e H2  T.2955.-008 ab. = 0.01500%

W

Add | De].ete| Save | Edit Material| Screen Nuclide Generate Material Card | Density: |0.072938

C
C 100.00% Call2 Mass Density:1.7000e+000
C Total &tom Density = 7.2958e-002

C

M2
2004000 23575-002 $Cad0  ah=96.94100%
2004200z 1.5735e-004 $Ca42 sh= 0.64700%
2004300z 32831e-005 $Ca43 b= 0.13500%
2004400z 5.0730e-004 $Ca44 b= 2.08800%
2004500z 9.7277e-007 $Ca48 b= 0.00400%
20042800z 4.5477e-005 $Ca48 b= 0.18700%

1001.21c  4.8631e-002  $HI b= 99.933500%
1002.21e  7.2958e-006 $H2Z ab= 0.01500%

Load Save all ‘ QK | Caneel

Fig. 3.5.4-7 Nuclide Table contains Nuclide ID, Nuclide Number in MCNP,
Lib, Density and Percent.

a) There are four modes to show the density include nuclide density, nuclide density percent,
nuclide mass and nuclide mass percent. Users double clicks item, pull-down menu
will be supply four options.

Composition  Maclide

In Huclide Lib Symbaol [Denzity w |Fercent .

1 BO12 21e c1z [ - o5 59000%

2 BO13 . 35¢ £13 ﬂzﬁiw Pereent 1 11000%

3 o1 | 2le py WMass Fercent .= 99, 98500%

4 100z . 21e He | 1.8244.-008 ab.=  0.01500%

5 8016 | .Zle 016 | 6.0BBRe-003 ab.= 99, TROOO%

B 8017 .B0e 01T | 2. 4325e-008 ab.=  0.04000%

T 7014 | .Zle Hl4 | 2.423Te-003 ab.= 99, B4000%

3 7015 | .%le WIS | 8. T5E9e-008 ab.=  0.36000%
W

Fig. 3.5.4-8 Edit material density in union
b) Choose material libs, and user can edit them in union or individually.
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Composition  Huclide |

In

L= B B = e LT I o R

It is worth noting that when user choose the function to edit libs in union,

button is needed to be clicked after choosing the lib wanted. MCAM would read lib files to
screen nuclides needed automatically, the nuclides not contained in the lib would be chosen in

Fuelide
BO1Z
BO13
1001
100z
g016
G017
TO14
TO15

Litk - Symbol
L2le iz
.00e
Ble C13
. 35e
E0c Kl
c4Ze H=
LBlc
TZlC ole
CBle 0T
Ble Hi4
2le H15

Fig. 3.5.4-9 Edit material libs in union.

[ =R ]

(=B e I = e

Denzity

. B4B0e-00Z
L9701 e-004
.E161e-00Z
. B244e-006
. OBBE=—003
45325 e-006
423 Te-003
. T9B9e-006

Fercent
ab. = 95. 39000%
ab.= 1. 11000%
ab. = 9. 95500%
ab. = 0. 01500%
ab. = 39, TROOO%
ab. = 0. 04000%
ab. = 39, B4000%
ab. = 0. 36000%

other libs automatically by MCAM, but user can edit libs individually after that.

Composition uelide l

In

—_

Liu B = B B = ) A LT R e

Huclide
2003
004
29063
29085
ZB054
2B056
ZBOST
26055

BO1Z

Lib Symbol

.2le Hed
B - Hed
L2le Cufs
.00z
Bl CufS
E0e FeBSd
cAZe FeSR
LBlc

R FelT

.2le Febl

L2le Ciz

L xR ) R o I S s

Den=zity

. 0471 e-005
. 0546003
. 3505e-002
. 0462 e-002
. 9935004
. 5300003
. TETBe—-005
. 2680006
433 Te-003

Fercent
ab. = 0.00013%
ab. = 99, 9997T%
ab. = B9 Z0000%
ab. = 30. 30000%
ab. = 5. 50000%
ab. = ‘91, 30000%
ab. = Z.10000%
ab. = 0. 30000%
ab. = 95. §9000%

7) Generate material card using (Generate Material Card button. The format is shown as follows:

Fig. 3.5.4-10 Edit material libs individually.

c
C

100.00%

CICC

Mass Density:5.1036=+000
C Total Atom Density = 6.0775e-002

C
M2

2005.21e
2004 .35
29083 Zle
28085 21
28054 2le
268056 21
28057 2le
28058 21e
a0l2.2]le
6013352

1.047]e-008
B 0546e-003
2.3505e-002
1.0482e-002
1.5985e-004
2.5300e-003
5.7876e-005
2265 0e-008
3.4557=-003
38542e-005

$He3  abh= 0.00013%
fHed b= 92.99977%
$Cus3  ah= 69.20000%
$TuEs  dh= 30.80000%
fFe5d  &h= 520000%
$Fadt  ah=91.80000%
$Fei?  &b= 2.10000%
$Fe58  &h= 0.30000%
$C12 &b = 98.29000%
$C13  ab= 1.11000%

FDS Team, China

-33-

Screen Muclide




8) Click [OK] and buttons on <Material Card Editing Dialog Box> can save the material
information generated as material card. Material name and density are added into the list box

of MCNP property dialog box. Users can choose and assign material properties onto relevant
entities.

Graph  MCHE ]SnurcefTalljr]

Material Information

Fumber: |M1 |

Density [

et Nafadel Card |

—

Fig. 3.5.4-11 Material list box in MCNP property dialog box
9) When open or import models with material properties, MCAM can parse material and density

information included. Besides, it can read material card direct in standard format shown
above.

3.5.5 Source/Tally Property

Special Target:

Some special cells or surfaces are selected for generating source and tally description of

MCNP input file. Users specify cells or surfaces in the model as special targets with sign * (for
cell) or ~ (for surface).

[ SourcefTall
Graph | NCHP Y l Special Target
Model Information

Cell

YVolume:

Su.rface

Area: Target type

CELL/SURFACE Setting
Target Type .
+ CELL " SURFACE Target list

_,..-"'"-l_'-r'.
*1
*2
*3

Target set and clear

Source Specification
Display Sefr Clear

Source Tnlly

Tally Specification

OtherCards Close
Other Cards MCNP needed

Fig. 3.5.5-1 Source/Tally property
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Source property:

Parameter definition dialog box supplies the main parameters editing function for source card
generation. Fill in the data grid, click button, the source card edited are shown in the
<Source Card Text> box below. Besides, users can edit the source card in <Source Card Text> box
direct. Click button to save the source card edited as an independent file, which can be added
in the MCNP input file generated.

Ipdax | £ Farsseter | Valid | Valus / ~
1 — F e N [=]
2 J s B |=
HI=E=10 N [
4= Vs o B
I A r I E
o L ¥ | [
AN e
s Pm [ mE
E=E=T" [ e
10— ;'?u |_ .]-
1 — T [ [
18 Er i_ ]!
13 ol B |+
14 g1 B =l
15, Wz N N
16 J am B =
a gm [ e

16 = 33 vEC [ N

Ceomres Card Taxt (Fenarals | Farze |
User edit
]
Qpan | Save | ox | Camzal |

Fig. 3.5.5-2 Source edit dialog box
Tally property:

Click button to add a new tally, and select <Value> node in the tree view on the
lower-left to define the parameters. Click , the parameters edited is displayed in the
lower-right text box. Besides, users can edit the tally card direct, and then click button to
save the tally card as an independent file, which can be added in the MCNP input file generated.
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Tally Card Definition

Tallv parameter

P
Eé S
e |N ﬂ r nt r
Fl4 : ;
Particle Designator
I Heatron (¥ Mormal weight tally
™ Photon {~ Enargy times waighted tally(*)
I Eectron {~ Energy deposition tally(+)
0 il 16 Sat I
|2 |52 5 S [ss |z E s
< d
Hew Dalete Cenarate Barse |
Type
V.
Tally type
User edit

Qpan - | oK I Cuneal

Fig. 3.5.5-3 Tally card definition dialog box

Particle Designator

[~ Heutron @ Hommal weight tally ;J Weight tally
™ Photon " Energy tiznes weighted t ¥

[~ Electren " Energy deposition tally(+)

Particle Flﬁisufm Wumber: |16 - St
o

51 |52 | |54 |ss | 55 57 ' Tally amount

£

Fig. 3.5.5-4 Tally parameter editing
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Fig. 3.5.5-5 Parameter editing box

3.6 Geometry Modeling

Similar as the general CAD systems, MCAM provide the geometry modeling function. Users
can firstly create primitive units, and then use bool operations and modification function to create
more complex geometry models.

3.6.1 Create Primitive Unit

Users can create some primitive units like block, cylinder, sphere, cone, torus and hexagonal
prism.
¢ Block

» Create a block by specifying the two diagonal coordinates.

*  Menu: Modeling/Block; Toolbar: @B 4 @@ %
» Dialog:

Start Point End Point

H: ] i 1

1

= ] T 1

i
T

QK Cancel |
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» Parameters:
Start Point: the first coordinate;
End Point: the second diagonally opposite the first coordinate.

e Cylinder

» Create a solid cylinder by specifying the center point for base and other end and the
radius for base.

*  Menu: Modeling/Cylinder; Toolbar: D®D 4 @0 %
+ Dialog:

Cylinder

Centar of bottorm cizrele:

Center of top cirele:

¥ais [0 Haxis |0
T axcis |.;.7 T axcis ||:|7
T axis ] L axis 30

Fadms of base circle: 10

«  Parameters:

The center coordinate of the bottom circle;
The center coordinate of the top circle;
The radius of the base circle.

e Sphere
» Create a sphere by specifying the center coordinate and radius.

*  Menu: Modeling/Sphere; Toolbar: 6 @ﬂ @@ m

+ Dialog:
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Sphere

Center of sphere

x b

» Parameters:
The center coordinate of the sphere;
The radius of the sphere.

o Cone
» Create a solid cone by specifying the center point for base, peak point and radius for
base.
*  Menu: Modeling/Cone; Toolbar: CRSNe @ @@A8
+ Dialog:
Cone
Center of' base circle: Peak Pomt:
Xaas |0 Xaxis |0
Tanis [0 Tais [0
Zawis |0 Zawis |30

Fadms of base circle: 10

e Parameters:
The center coordinate of the base circle;
The peak point of the base circle;
The radius of the base circle.

e Torus
» Create a torus by specifying the center, torus radius and tube radius. The axis of the
torus is parallel to the z-axis of the active working coordinate system.

*  Menu: Modeling/Torus; Toolbar: Zdoo *‘5@ aﬁ

+ Dialog:
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Center
X ]
T 1]
Z: 1
Fadms

Major Radis: |20 Hormal "% p.ior

+  Parameters:

The center coordinate of the torus;
The minor radius of the torus.;
The major radius of the torus.

o EllipseTorus
» Create an ellipse torus by specifying the center, minor radius, normal, and major
radius and torus radius.

*  Menu: Modeling/EllopseTorus; Toolbar: o4 @'8%

+ Dialog:
EllipseTorus
Parameter Of Botation
Rotate Center Rotate Axis Hornmal
X ] X ]
T: ] T ]
Z: ] Z 1

Fotate Fadms: 20 N
TE Rotate

Parameter of profile(ellipse)
which axis parallels normal:

major radns: 10
nor radiss: Iji (* majoraxis §  minor axis

«  Parameters:
The rotate center coordinate of the ellipse torus;
The rotate Axis Normal of the ellipse torus;
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The minor radius of the ellipse torus;
The major radius of the ellipse torus.

e Hexagon

» Create and hexagonal prism by specifying the radius and height. The axis of the
prism is parallel to the z-axis of the active working coordinate system. The center
point of the prism is the zero crossing.

*  Menu: Modeling/Hexagon; Toolbar: o004 ® @@

+ Dialog:
Parameter

................................

oK Cancel

«  Parameters:
The inner radius of the prism;
The height of the prism.

3.6.2 Boolean Operation Modeling

Booleans are used to unite or intersect two or more solid bodies, or to subtract one or more
solid body from the other solid. After creating some primitive units, users can use boolean

operations (union, subtract and intersect) to create complex geometry models. The boolean
operations between two bodies are shown in the next figure.
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Blank
Toal
Body Body

Original \...__ _,..—" Unite

Intersect Subtract

Fig. 3.6.2-1 Boolean Operation Modeling
e Union
»  Combine selected solids by Boolean union operation.
»  Pressing control or shift key in the keyboard, select the solids left-clicking the mouse.

0

Then click the menu: Modify/Union or the toolbar: @ @ , the selected

solids will be united to one solid.

e Subtraction
+  Combine selected solids by subtraction, namely subtract solids from other solids.
»  Pressing control or shift key in the keyboard, select the solids left-clicking the mouse.

Then click the menu: Modify/Subtraction; or the toolbar: © @ 0 . Then the

selected solids except the first solid will be subtracted from the first solid.

e Intersection
»  Create composite solids from the intersection of two or more solids.
»  Pressing control or shift key in the keyboard, select the solids left-clicking the mouse.

Then click the menu: Modify/Intersection or the toolbar: ©a @ , the
selected solids will be intersected to one solid.

3.6.3 Model Modification

MCAM provides many way to modify CAD geometry models. Users can use modification
function (Move, Rotate, Copy, Array, Slice, and Mirror) to create complex geometry models. The
array, slice and mirror functions are shown in the next figure.
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Array Slice Mirror

Select the entities to be modified, and choose the modification function, input the needed
parameters and click <OK> button to apply the modification.
¢ Move
« Displace entities a specified distance in the specified direction.

@O %EEL | & A

*  Menu: Modify/Move; Toolbar:
« Dialog:

Array (P) I Slice l Mirror | Revolve l Extrude I
Move l Rotation I Copy I Array (R) I

~Base Foint - ~Destination
. [ ¥ [T
1 ID ¥: |10

z: [ |z [E—

*  Parameters:
The base point and the destination define a translation vector.

o Rotate

* Rotate entities around a base point.

@0 oo t".'-. =
*  Menu: Modify/Rotate; Toolbar: ‘-P 6 == @ %& d & @'
« Dialog:
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Array (P) | Slice | Mirror I Revolve | Extrude l

Move Rotation I Copy | Arrar®) |
~Center Point Axis

% Io X: IO

7% IO £ lo

Z |0 Z: |l

—~Rotation angle

{* Clockwise IU

" Anti-Clockwise

Cancel

*  Parameters:
The center point and the rotation axis. The rotation angle is represented as degree
measure.

o Copy
*  Duplicate entities.
O -, I
*  Menu: Modify/Copy; Toolbar: ‘.P O@D @ | %‘ dh & @'
» Dialog:

Array(F) I Slice

I Mirror I Revolve I Extrude
Mowe I Rotation Copy I Array (R)

Base Foint Destination

X ID— X |1D—
T: ID— T: |1D—
z: ID— z: |1D—

»  Parameters:
The base point and the destination define a vector and a position where the new entities
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are located in.

o Rectangle Array
«  Create multiple copies of the selected entities in a rectangle pattern.

*  Menu: Modify/Rectangle Array; Toolbar:
o : 5
+ 0 W@ R AG
« Dialog:
hrray(F) I Flice I Nirror I Rewolwe | Extrude |
Mowe I Rotation I Copy Array (R)
U Direction ¥ Direction
}{:ll X |D
Y:IIZI T |1
I:IIZI o IEI
Eow Fumber |2
Column |2
Diztance betwesn Row IIEI
Distance between Col |1E|

*  Parameters:
Specify the direction vector, entity number and distance between entities of vertical and
horizontal direction. The result of array will form a rectangle.

e Polar Array
« Create multiple copies of entities in a polar pattern.

$ O BEHED & 4 & o

*  Menu: Modify/Polar Array; Toolbar:
« Dialog:
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b s s s

Maowve Rotation ] Copy l Array (R) ]
hrray (P] Slice ] Mirror ] Rewolwe I Extrude ]

Center Foint boris Hormal
o b
' el B
P I 1
Anzle to £ill @0
Totel number of i1tems ’47

[ FRotate items az copied

*  Parameters:

Specify the center point of the arc of circle and the axis normal, the angle of the arc to fill,
and the total number of entities to be filled.

o Slice
«  Slice entities with a plane, cylinder face or sphere face.

Ox OO T
*  Menu: Modify/Slice; Toolbar: %. O "¢ oo @ @dh & @'

« Dialog:

Mowe ] Fotation ] Copy ] Array (R] ]
Array (P) Elice l Mirror l Revolwe ] Extrude ]

Foint Hormal
0 ol I 2 T
ol o N O 20 T
o e P e
Radius: Ii

Preview Slicing Face |
Slicing Face Keep Solad
(# Flane (" Positiwe
" Cylinder (" Hegative
(" Sphere (¢ Eoth

»  Parameters:
Choose the radio box on the left to determine shape of the cutting face:
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Plane: Specify a point and normal vector to define a plane.

Cylinder/Sphere: Specify a point, normal vector and radius to define a cylinder or a
sphere.

Click <Preview Slicing Plane> button to preview the face defined.
Choose the radio box on the right to determine which part of solid should be keep.

e Mirror
« Create a mirror image copy of entities..

Oxn 00O ‘*
*  Menu: Modify/Mirror; Toolbar: %. O = DD'@' &@ ﬂn

« Dialog:

Ld1 T

Move I Rotation l Copy I Array (R) ]
Array (P) ] Slice Mirror ] Revolve ] Extrude l

Foint .~ Hormal -

X: IIJ X: |0

o 1 fo

z:fo— Z:[l—'

Preview Mirror Flane I

*  Parameters:

Specify a point and normal vector to define a plane. Click <Preview Mirror Plane> button
to preview the plane defined.

3.6.4 Void modeling

MCAM can automatic create the inner void model of the cell contain inner space, such as the
inner space of pipe models.

Click the menu/void modeling, and MCAM will automatically fill the inner void space part
of the cells which can be processed.

A simple example is shown in the following figure.
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Fig. 3.6.4-1 A simple example

4 Example

CAD model requirement: In the current version of MCAM, the plane, cylinder, sphere, cone,
torus and ellipse torus are supported. If a CAD model contains spline surface, it should be
simplified first.

CAD file format: The <STP> and <SAT> file format are supported. If a CAD model is created
in other CAD systems. It should be saved under the format of <STP> or <SAT>.

4.1 Load the CAD model
Model name:  /install path/Examples/CST.stp
[

1) Create a new document. Click the button on the File Toolbar or File/New on menu.

2) Import the CAD file. Click File/Import on main menu or Import item on popup menu in
the tree view. A file open dialogue box appears, go to the MCAM install path (C:\Program
Files\FDS Team\MCAMX), open the fold <Example>, change the file type to <STEP
Format>, and then choose the file <CST.stp>.

3) Choose whether to keep the group information.

A message box appears. Click <YES> button. Because the <STP> file does not include any
information except for geometry information.

ECANX x| |

' Do you want to use filename as the Group mame for imported CELLs (Yes), or keep the original
. Group information (Hol?

Ha Cancel

A group node <ST> will be added in the tree view, and each entity of this model also will be
added under the group tree node.

The CAD model will be displayed in the main view. Users can observe and check the
model using different view functions, such as the cross section, camera view and transparence
view.

In practice, if a CAD model consists of different components with different physicals
properties. It is suggested that the model should be divided into several models at first and then
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import them into MCAM in order. Several relative group nodes will be added in the tree view.
It is convenient for Users to assign the properties in batches.

EICAI 4.8 Beta ¥Yersion — [Ecaml{opengl)]

“md File Edit ¥iew PFreprocess Comwert Modeling Modify Tools Kindows Help
DedSas e« vw(edadn | #Pdadad ¢ aaalect|BEas
PHOA®RAE CC o b OB KESg 90ds TBB M A
—

=i Maaml
1)
)
-l 3(3)
)
-l 505)
B B)
T
- BB)
- 9@)
- 10010)
Rl 11011
i 12(12)
G 13013)
i 14014)
Gl 15015)
Gl 1B T1E)
B 1TOT)
i 18 018)
G 19019)
- 20020)

L. 21 1Y L]

A,

=L/ Program Files/ASTPF/MCAMA. 8/Examples/CST. stp successfully read

Ready ’_’ﬁ’_ /J

Fig. 4.1-1 Load the CAD model

4.2 Preprocess the CAD model

1) Heal the model: Click the & hutton on Toolbar or Preprocess/Heal item on main menu.
Then a message box appears, choose <YES> button to fix the whole model.

ECANE x|
' Heal the Whole Model (Yes), or the Selected Cells (Hol?
LI

Ho Cancel

Note: If the CAD model is created in other CAD system except for ACIS, it should be fixed
to eliminate the geometry error occurred during CAD file format conversion.

1,
2) Scale the model: Click the 2 button on Toolbar or Preprocess/Scale item on main menu.

The dimension unit of <CST> model is <mm>, but MCNP uses <cm> as dimension unit. So
set the scale ratio = 0.1, and check the option <Scale Whole model> to scale the whole
model.
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Scale Nodel Dialog @

-Setting Of Scale -
{# Scale Whole Model Scale Ratio |°-1

" Scale Selected Cells (2 vahe between 0.001 and 1000)

(9]
:
[

3) Decompose the model: Click the B0 putton on Toolbar or Preprocess/Decompose item on

main menu. Then a dialog box appears. Keep the default setting, click the <OK> button.

Decompose Parameter

Setting Of Decomposition
Option Ohjacts
[w Auto-3plit {* Decompose Whole Model

(" Decompose Salected Cells

Max Decompose Level |1|:|

)4 Cancel

4) Check the overlaps in model: Click the « button on Toolbar or the

Preprocess/Decompose item on main menu. Click <YES> button to check and fix the
overlaps.

ECANK x|

5 Are you sure to fix the interfere in the model?
\:I) “Tec” for check and fix, “Wo" for check only.

Ho | Cancel |

4]
5) Reconstruct the model: Click the & button on Toolbar or Preprocess/Decompose item on
main menu. Click <YES> button to reconstruct the whole CAD model.

NCANE El

L
\‘%) Reconstruct the whole model (Yes), or just the selected cell (Hol?

Ho | Cancel |
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4.3 Edit the properties

Click the View/Property button on the menu or Property item on the popup menu in the tree
view. And then the property dialog box appears.
Edit the material card, source card and tally card and save them as independent txt files in
order to be added in the MCNP input file generated by conversion.
Assign the relative properties on the entities selected according to the requirement of
calculation. Click the <Apply> button to confirm the property edit.

4.4 Convert the model

After preprocessing, property editing, a complete model for calculation is prepared. Chick the

Convert /Write MCNP button on menu or ™ icon on toolbar. The conversion dialog box

appears.

Choose the location and name of the material card txt file, source card txt file and tally card txt
file which have been edited and saved in the properties edit step.

Use the default parameters as shown in the following figure. Push the <OK> button. The
conversion function will be called. When the conversion is finished, the input file will be
displayed.
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Converter Setting @

|¥ Fun in stand alone process

¢ Whole model (" Selected cells
¥ Set cell No. from ll
Start surface No. l]

Output file ~ PAMCAM4 SExamplesiCST txt .. |

W With Material |14 B\ExamplesMaterialCard txt .. |

V WithSDEF  |4M4 8ExamplesiSowrceCard txt . |

WV With TALLY ['AM4 8\ExamplesiTallyCard txt .. |

v Output vohume card

i MCHP Files Format Setting

Float format |2415.8¢

Science format |%15.8e

[V Generat void space I Reflecting surfaces

(40001 40002)

Void Setting

7 ‘?’ﬁfﬁ;a Cll Limit [40
£ dialDeee Face Limit  |250
* Complement

7 Optimizad Min Cell Size |10

If some cells of the model failed after conversion, please verify that if the size of the model
exceeded (-5000,5000), if the model use the correct dimension unit, i.e. cm. MCAM currently
supports model within in 100 meter, i.e. From -5000 cm to 5000 cm.

4.5 Invert the generated MCNP file.

After the conversion is finished, use inversion function to read the input file and visualize the

CAD model generated from the input file. Chick the Tool /Read MCNP button on menu or &l

icon on toolbar. Select the generated MCNP input file named <CST.txt>. The inverter setting
dialog box appears, keep the default setting and click the <OK> button.
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EICAI 4.8 Beta ¥ersion — [NEcaml {opengl)]
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R RCIR] L

A

(=L /Program Files/ASTFE/MCAMY. §/Examples/CST. stp successfully read

Ready ’_ ’W ’_ /A

Fig. 4.5-1 The CAD model inverted and displayed by MCAM
The model will be generated and displayed. Users can not only observe and check the
inverted model, but also can save or export it into a CAD file and read, or modified it in other
CAD systems.

4.6 Invert the installed MCNP file.

MCAM provides several MCNP input files for demonstration.

Chick the Tool /Read MCNP button on menu or H icon on toolbar. Select the

<FusionReactorConceptualDesign.txt> under the <Examples> folder of MCAM installation
directory. The inverter setting dialog box appears, keep the default setting and click the <OK>
button.
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v Fun in stand alone process
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[ Showr inverted cells in new modal

“md File Edit Yiew Preproceszs Comwert Modeling Modify Tools HYindews Help — || & %
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=
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1012
1015
R -
10 21
113
0 4
45
46 7
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419
X i

< I >

e O oy O oy B W WO B e DO O o O O B O e

:=>Total Cell Wumber is TS5 And Entity Humber iz 75

Ready '_’ﬁ '_ /A

Fig. 4.6-1 The CAD model inverted and displayed by MCAM
This MCNP file contains the outer space definition, so there is a cube in the view. Click the

<Select by Solid> toolbar button ® to change to the solid selecting mode. Click the cube and

it will change to yellow color indicating that it is selected. Right click the mouse button, a popup
menu will appear, choose the <Hide. . .> item. The cube solid will be hidden. The corresponding

X }74(100)
solid node in the tree view will change to hidden state (gray) % 750101} | Similarly, hidden the

sphere void cell. Click the <Zoom to Window> button & on the toolbar, the model will be

zoomed to fit the window, as shown in the following figure.
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EICAI 4.8 Beta ¥erzion — [FusionReactorConceptualDesign 2010_12 14_16_32_20_000359. FDS (ope. .

“md File Edit WYiew EPreprocess Conwert Modeling Modify Tools Hindows Help
DEHd Sad |+2 99 824099000 F ¢ Qaqa «ct|BEH
PHoL@EE OC 0 ¢O%ED HALEH 900" @G B M

olx
=3 FusiorReactorCone eptu:

o

:=>Total Cell Fumber iz 75 And Entity Humber iz 75

o1 9
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Fig. 4.6-2 The CAD model received by the above operation
In this way, the Users can hide the outer solids gradually to see the inner structures of the

model. Or use section view, e.g. click the <Z Section> toolbar button | =i | to show the Z cutting

plane, as shown in the following figure.
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Fig. 4.6-3 The Z section view of the CAD model

5 Service and Support

If you need more information or have any problem, please contact FDS Team:
Professor Yican Wu

P.O. Box 1135, Hefei, Anhui, China

Post Code: 230031

Tel/Fax: +86-551-6559-3681

Email: software@fds.org.cn

Web Site: http://www.fds.org.cn/en/
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