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Welcome to Phon’s documentation!

Phon is a Python library which has the following features:


	Parse meshes created in Abaqus’ .inp and Gmsh format and stores it into an internal
class based representation.
Element and node sets are also parsed and stored.

	Can out of the box insert interface elements between grains in both 2D and 3D meshes
generated with Neper [http://neper.sourceforge.net/].

	Can export back the mesh for analysis to either Abaqus .inp or OOFEM’s [http://www.oofem.org/] .in format.



The most common way Phon is used right now is to generate a mesh with Neper, then using Phon the mesh is parsed, interface
elements are included and the resulting mesh is then exported for FE-analysis.

This is the central page for all of Phon’s documentation.
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	Version:	0.4


	License:	MIT License
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Installation

Phon can be installed on most computers with a standard Python installation. [Numpy](http://www.numpy.org/) is used internally
so this needs to be available to the Python installation.

Phon supports Python 2.7, 2.2, 3.3 and 3.4.


Git

The easiest way to get the latest version is by git. To download the
repository the following command is used:

$ git clone https://github.com/KristofferC/Phon.git





This will give you a folder called “Phon”. Navigate to this folder and execute the
following:

$ python setup.py install





This should install the package to the system. To see if the installation is successful
try to import the package by executing:

>>> import phon





in the Python terminal window.

To update to the latest version, go into your repository and execute:

$ git pull origin master





and rerun the setup file.




Zip and Tar

You can also get the latest version compressed as a .zip or .tar from the projects homepage: http://kristofferc.github.io/Phon/
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Usage

Here the functionality of Phon and how to use it is shown.



	Reading and querying a mesh
	Read an Abaqus mesh

	Gmsh

	Querying and modifying the mesh





	Inserting interface elements

	Exporting the mesh
	Exporting to Abaqus

	Exporting to OOFEM
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Reading and querying mesh

Reading a mesh is in Phon the process of parsing a file containing nodes, elements, and eventual sets (element sets
and node sets). This information is then stored in a class based format in Phon which is easy to query and modify
the mesh.

It is currently possible to read a mesh exported to Abaqus’ .inp format or Gmsh’s .msh format.


Read an Abaqus mesh

The function to read an Abaqus mesh is  phon.io.read.read_from_abaqus_inp.read_from_abaqus_inp().

To read the mesh, the function is first imported and then used like this:

>>> from phon.io_tools.read.read_from_abaqus_inp import read_from_abaqus_inp
>>> mesh = read_from_abaqus_inp("n10-id1.inp")





The mesh is now stored as an instance of the phon.mesh_objects.mesh() class.

An example Abaqus mesh file can
be found here [https://raw.githubusercontent.com/KristofferC/Phon/8714c92ffadbb66a32cf091b548950e57ddcffd9/test/n10-id1.inp].




Gmsh

The function to read a Gmsh mesh is  phon.io_tools.read.read_from_gmsh.read_from_gmsh().

It is currently used a bit differently than the function to read from Abaqus meshes. The gmsh reader
assumes that each grain has a separate mesh file called fileX.msh where file is the basename and X is
the grain id. The gmsh reader can then be called as:

>>> from phon.io_tools.read.read_from_gmsh import read_from_gmsh
>>> basename = "gmsh_grain_file"
>>> n_grains = 3
>>> mesh = read_from_gmsh(base, n_grains)





An example of a microstructure with 3 grains split over 3 .msh files can be seen here [https://github.com/KristofferC/Phon/tree/master/test/mesh_test_files].




Querying and modifying the mesh

We can now query the mesh object for information about the mesh and modify it.

A few example follows here:


	The number of elements in the mesh:

>>> print(len(mesh.elements))
1683







	The number of nodes in the mesh:

>>> print(len(mesh.nodes))
289







	A node set with a certain name:

>>> print(mesh.node_sets["x0y0"])
Node set with name x0y0 containing nodes with the following ids [1, 3, 34, 39, 40, 131, 132]







	Information about a specific node:

>>> print(mesh.nodes[10])
Node located at (0.722422, 0.420036, 0.196344)







	Changing a nodes location:

>>> mesh.nodes[10].c[0] = 1337.0
>>> print(mesh.nodes[10])
Node located at (1337.000000, 0.420036, 0.196344):







	Information about a specific element:

>>> print(mesh.elements[701])
Element of type C3D4 containing the vertices with id [168, 150, 154, 60].









For more information of the different properties to query from the mesh
look at the documentation of phon.mesh_objects.
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Insert interface elements

Interface elements are elements modelling an interface law between for example
grains in a model of a polycrystalline material. Phon has support for inserting
these elements into both a 2D mesh and 3D mesh. This is done with the function
phon.mesh_tools.create_cohesive_elements.create_cohesive_elements().

The function creates the interface element and also generates one element set for each grain boundary.
These element sets have the name cohesX_Y where X and Y are the grain ids to the two grains that share the grain
boundary.


	The function requires some element sets with specific names to exist.

	
	In a mesh each grain should have its own element set with the bulk elements.
These should for a 3D mesh be called POLYx and for a 2D mesh be called FACEx
where x is the grain id.

	Each grain boundary should have its own element with the elements in the grain boundary.
These elements will have a dimension one lower than the one of the bulk elements. The
name for these sets should for a 3D mesh be called FACEx and for a 2D mesh be called
EDGEx.







These names have been chosen so that a mesh files generated with Neper can directly be used. Note that you might need
the -dim all flag set on the mesher in Neper for all the elements and element sets to be exported correctly.
If you want to insert interface elements in a mesh generated with some other
software you need to make sure the output matches the above.

An example of a 3D mesh being read, cohesive elements inserted into it and then getting exported
is shown below.:

>>> from phon.io_tools.read.read_from_abaqus_inp import read_from_abaqus_inp
>>> from phon.mesh_tools.create_cohesive_elements import create_cohesive_elements
>>> from phon.io_tools.write.export_to_abaqus import export_to_abaqus
>>> mesh = read_from_abaqus_inp("n10-id1.inp")
>>> create_cohesive_elements(mesh, mesh_dimension=3)
>>> export_to_abaqus("cohesive_file.inp", mesh, write_2d_elements=False)





Opening the generated file in Abaqus shows the generated mesh. An element sets with the cohesive elements is highlighted.

[image: ../_images/abaq_cohes_ex.png]
For completeness sake, an image of cohesive elements in 2D is shown below:

[image: ../_images/abaq_cohes_ex_2d.png]
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Exporting a mesh

The mesh can currently be exported to a format readable by either Abaqus [http://www.3ds.com/products/simulia/portfolio/abaqus/] or OOFEM [http://www.oofem.org/en/oofem.html].

One of the arguments to the export functions is if 2D elements should be exported. The reason for this is
that currently the elements in the grain boundary are not deleted after insertion of interface elements. When
xporting a 3D mesh we might want to ignore the left over 2D elements.


Exporting to Abaqus

Assume that we have a mesh stored in the mesh variable. If we want to export this to abaqus
and ignore the 2D elements in the mesh it would be done like this:

>>> from phon.io_tools.write.export_to_abaqus import export_to_abaqus
>>> export_to_abaqus("output_file.inp", mesh, write_2d_elements=False)





This file can then be imported into Abaqus CAE. If you are doing 2D analysis you would want to
set write_2d_elements=True.




Exporting to OOFEM

A mesh object can be exported to OOFEM as follows:

>>> from phon.io_tools.write.export_to_oofem import export_to_oofem
>>> export_to_oofem("output_file.inp", mesh, write_2d_elements=False)





The generated file only contains the parts of the file relevant to the mesh. The rest of the
analysis records must be manually added in order to perform analyses.
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  Source code for phon.mesh_tools.create_element_sides

from phon.mesh_objects.element_side_set import ElementSideSet
from phon.mesh_objects.element_side_set import ElementSide


[docs]def create_element_sides(mesh, mesh_dimension):
    """
    Creates elements of mesh_dimension - 1 along the interfaces
    between grains.

    :param mesh: The mesh
    :type: mesh: :class:`Mesh`
    :param mesh_dimension: The dimension of the bulk elements
    :type mesh_dimension: int
    """
    if mesh_dimension == 3:
        set_type_bulk = "poly"
        set_type_interface = "face"
    elif mesh_dimension == 2:
        set_type_bulk = "face"
        set_type_interface = "edge"
    else:
        raise UnsupportedDimensionError

    element_to_grain = [0] * len(mesh.elements)
    node_to_elements = [list() for n in range(0, len(mesh.nodes))]
    for element_set_name, element_set in mesh.element_sets.iteritems():
        if not element_set_name.startswith(set_type_bulk):
            continue
        grain = int(element_set_name[4:])
        for el_num in element_set.ids:
            element_to_grain[el_num - 1] = grain
            for n in mesh.elements[el_num].vertices:
                node_to_elements[n - 1].append(el_num)

    mesh.element_side_sets["outer"] = ElementSideSet("outer")
    for element_set_name, face_set in mesh.element_sets.iteritems():
        if not element_set_name[0:4] == set_type_interface:
            continue

        # We should create a proper element-side-set out of this "face-set", we'll just give it the same name though
        for face_id in face_set.ids:
            connected_tets = []
            face = mesh.elements[face_id]
            for element_id in node_to_elements[face.vertices[0] - 1]:
                element = mesh.elements[element_id]

                if mesh_dimension == 3:
                    # Need to determine which of the faces of the tet are active
                    if set(face.vertices) == {element.vertices[0], element.vertices[1], element.vertices[3]}:
                        connected_tets.append(ElementSide(element_id, 1))
                    elif set(face.vertices) == {element.vertices[0], element.vertices[2], element.vertices[1]}:
                        connected_tets.append(ElementSide(element_id, 2))
                    elif set(face.vertices) == {element.vertices[0], element.vertices[3], element.vertices[2]}:
                        connected_tets.append(ElementSide(element_id, 3))
                    elif set(face.vertices) == {element.vertices[1], element.vertices[2], element.vertices[3]}:
                        connected_tets.append(ElementSide(element_id, 4))
                elif mesh_dimension == 2:
                    # print 'face.vertices: ', face.vertices

                    if len(face.vertices) == 2:
                        # Linear element
                        if set(face.vertices) == {element.vertices[0], element.vertices[1]}:
                            connected_tets.append(ElementSide(element_id, 1))
                        elif set(face.vertices) == {element.vertices[1], element.vertices[2]}:
                            connected_tets.append(ElementSide(element_id, 2))
                        elif set(face.vertices) == {element.vertices[2], element.vertices[0]}:
                            connected_tets.append(ElementSide(element_id, 3))

                if len(face.vertices) == 3:
                    # Quadratic elements
                    if set(face.vertices) == {element.vertices[0], element.vertices[3], element.vertices[1]}:
                        # print 'Found side 1.'
                        connected_tets.append(ElementSide(element_id, 1))
                    elif set(face.vertices) == {element.vertices[1], element.vertices[4], element.vertices[2]}:
                        # print 'Found side 2.'
                        connected_tets.append(ElementSide(element_id, 2))
                    elif set(face.vertices) == {element.vertices[2], element.vertices[5], element.vertices[0]}:
                        # print 'Found side 3.'
                        connected_tets.append(ElementSide(element_id, 3))

            # print 'len(connected_tets): ', len(connected_tets)

            if len(connected_tets) == 1:
                # Create a set for the entire surrounding domain
                mesh.element_side_sets["outer"].sides.extend(connected_tets)
                # Create a set for the single facet
                # mesh.element_side_sets[element_set_name].sides.extend(connectes_tets)
            elif len(connected_tets) == 2:
                pass

                # print("Doing nothing here for now...\n")
                # Must be 2 connected tets in this case
                # Do some clever data structure for preparing cohesive zones here
                # mesh.element_internal_boundaries[sort(set_name].()


[docs]class UnsupportedDimensionError(Exception):
    """
    Exception to raise when wrong dimension given to create_element_sides

    """

    def __init__(self, status):
        """Creates an exception with a status."""
        Exception.__init__(self, status)
        self.status = status

    def __str__(self):
        """Return a string representation of the :exc:`UnsupportedDimensionError`."""
        return str(self.status)
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phon.mesh_objects package



Submodules





phon.mesh_objects.element module



		
class phon.mesh_objects.element.Element(elem_type, vertices)[source]


		Represents a finite element.






		Parameters:		
		elem_type (str) – The type of the element in Abaqus format.


		vertices (list of ints) – The vertices of the element given as node identifiers.






















phon.mesh_objects.element_set module



		
class phon.mesh_objects.element_set.ElementSet(name, dimension, ids=None)[source]


		Represents a set of elements






		Parameters:		
		name (str) – Name of the element set.


		dimension (int) – The dimension of the elements in the set


		ids (list of ints) – Identifiers of the elements in the set.














		
get_all_node_ids(mesh)[source]


		Gets all the nodes identifiers for the elements in the element set.






		Parameters:		mesh – The mesh
:type mesh: phon.mesh_objects.mesh.Mesh()



		Returns:		The node identifiers



		Return type:		list of ints














		
get_dimension()[source]


		Get the dimension of the element set.






		Returns:		The dimension.



		Return type:		int






















phon.mesh_objects.element_side_set module



		
class phon.mesh_objects.element_side_set.ElementSide(elemnum, sidenum)[source]


		






		
class phon.mesh_objects.element_side_set.ElementSideSet(name)[source]


		Represents a set of element sides






		Parameters:		name (str) – Name of the set.
















phon.mesh_objects.mesh module



		
class phon.mesh_objects.mesh.Mesh(name, nodes=None, elements=None, element_sets=None, element_side_sets=None, node_sets=None)[source]


		Represents a mesh which includes nodes, elements, element sets
and node sets.






		Parameters:		
		name (string) – Name of the mesh.


		nodes (dict of format {node_id (int) : Node}) – Nodes in the mesh.


		elements (dict of format {element_id (int) : Element}) – All elements in the mesh.


		element_sets (dict of format {element_set (string) : [element_ids (int)]}) – Different element sets


		element_side_sets (dict of format {element_set (string) : [element_ids (int)]}) – Different element side sets


		node_sets (dict of format {node_set (string) : [node_ids (int)]}) – 














		
get_number_of_2d_elements()[source]


		Calculates the number of two dimensional elements in the mesh.






		Returns:		Number of two dimensional elements.



		Return type:		int














		
get_number_of_3d_elements()[source]


		Calculates the number of three dimensional elements in the mesh.






		Returns:		Number of three dimensional elements



		Return type:		int














		
renumber_nodes()[source]


		Renumbers nodes so that they are “dense” on the number line.
For example, if the mesh consist of four nodes with identifiers
1, 2, 5, 7 this would change them to 1, 2, 3, 4. This method also
updates the elements to use the renumbered node identifiers.


Currently only updates nodes for 3d elements so don’t do anything with 2d elements
after calling this.

















phon.mesh_objects.node module



		
class phon.mesh_objects.node.Node(c)[source]


		Represents a node.






		Parameters:		c (ndarray) – The coordinates of the node
















phon.mesh_objects.node_set module



		
class phon.mesh_objects.node_set.NodeSet(name, ids=None)[source]


		Represents a set of nodes






		Parameters:		
		name (str) – The name of the node set.


		ids (list of ints) – The identifiers of the nodes






















Module contents
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phon.mesh_tools package



Submodules





phon.mesh_tools.create_cohesive_elements module





phon.mesh_tools.create_element_sides module



		
exception phon.mesh_tools.create_element_sides.UnsupportedDimensionError(status)[source]


		Bases: exceptions.Exception


Exception to raise when wrong dimension given to create_element_sides


Creates an exception with a status.









		
phon.mesh_tools.create_element_sides.create_element_sides(mesh, mesh_dimension)[source]


		Creates elements of mesh_dimension - 1 along the interfaces
between grains.






		Parameters:		
		mesh – The mesh


		mesh_dimension (int) – The dimension of the bulk elements









		Type:		mesh: Mesh



















phon.mesh_tools.create_matrix module





phon.mesh_tools.octree module





Module contents
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  Source code for phon.mesh_objects.mesh

__copyright__ = "Copyright (C) 2013 Kristoffer Carlsson"

__license__ = """
Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.
"""

from collections import OrderedDict

from phon.io_tools import elements_2d
from phon.io_tools import elements_3d
from phon.io_tools import element_dictionary_inverse


[docs]class Mesh:

    """ Represents a mesh which includes nodes, elements, element sets
    and node sets.
    """

    def __init__(self,
                 name,
                 nodes=None,
                 elements=None,
                 element_sets=None,
                 element_side_sets=None,
                 node_sets=None):
        """
        :param name: Name of the mesh.
        :type name: string
        :param nodes: Nodes in the mesh.
        :type nodes: dict of format {node_id (int) : :class:`Node`}
        :param elements: All elements in the mesh.
        :type elements: dict of format {element_id (int) : :class:`Element`}
        :param element_sets: Different element sets
        :type element_sets: dict of format {element_set (string) : [element_ids (int)]}
        :param element_side_sets: Different element side sets
        :type element_side_sets: dict of format {element_set (string) : [element_ids (int)]}
        :param node_sets:
        :type node_sets: dict of format {node_set (string) : [node_ids (int)]}

        """

        self.name = name

        if nodes is None:
            nodes = OrderedDict()
        self.nodes = nodes

        if elements is None:
            elements = OrderedDict()
        self.elements = elements

        if element_sets is None:
            element_sets = OrderedDict()
        self.element_sets = element_sets

        if element_side_sets is None:
            element_side_sets = OrderedDict()
        self.element_side_sets = element_side_sets

        if node_sets is None:
            node_sets = OrderedDict()
        self.node_sets = node_sets

[docs]    def renumber_nodes(self):
        """
        Renumbers nodes so that they are "dense" on the number line.
        For example, if the mesh consist of four nodes with identifiers
        1, 2, 5, 7 this would change them to 1, 2, 3, 4. This method also
        updates the elements to use the renumbered node identifiers.

        Currently only updates nodes for 3d elements so don't do anything with 2d elements
        after calling this.

        """

        # raise("This method does not work reliably")

        # Create dictionary of old and renumbered node identifiers
        node_renumber_dict = {}
        new_nodes_dict = {}
        for i, node in enumerate(self.nodes.keys()):
            node_renumber_dict[node] = i + 1
            new_nodes_dict[i + 1] = self.nodes[node]

        self.nodes = new_nodes_dict

        # Update node identifiers in elements (only 3d).
        for element_id, element in self.elements.items():
            if (element_dictionary_inverse[
                    (element.elem_type, "abaqus")] in elements_2d):
                continue
            for i, node_id in enumerate(element.vertices):
                element.vertices[i] = node_renumber_dict[node_id]

        # Update node identifiers in node sets
        for node_set_name, node_set in self.node_sets.items():
            for i, node_id in enumerate(node_set.ids):
                node_set.ids[i] = node_renumber_dict[node_id]


[docs]    def get_number_of_2d_elements(self):
        """
        Calculates the number of two dimensional elements in the mesh.

        :return: Number of two dimensional elements.
        :rtype: int

        """
        number_of_2d_elements = 0
        for element in self.elements.values():
            if element_dictionary_inverse[
                    (element.elem_type, "abaqus")] in elements_2d:
                number_of_2d_elements += 1
        return number_of_2d_elements


[docs]    def get_number_of_3d_elements(self):
        """
        Calculates the number of three dimensional elements in the mesh.

        :return: Number of three dimensional elements
        :rtype: int

        """
        number_of_3d_elements = 0
        for element in self.elements.values():
            if element_dictionary_inverse[
                    (element.elem_type, "abaqus")] in elements_3d:
                number_of_3d_elements += 1
        return number_of_3d_elements
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  Source code for phon.mesh_objects.node

__copyright__ = "Copyright (C) 2013 Kristoffer Carlsson"

__license__ = """
Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.
"""


[docs]class Node:

    """ Represents a node."""

    def __init__(self, c):
        """
        :param c: The coordinates of the node
        :type c: ndarray

        """
        self.c = c

    def __str__(self):
        """
        Returns a string representation of the node.

        :return: The string representation.
        :rtype: str

        """
        return "Node located at (%f, %f, %f)." % (
            self.c[0], self.c[1], self.c[2])
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  Source code for phon.mesh_objects.element

__copyright__ = "Copyright (C) 2013 Kristoffer Carlsson"

__license__ = """
Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.
"""


[docs]class Element:

    """ Represents a finite element. """

    def __init__(self, elem_type, vertices):
        """
        :param elem_type: The type of the element in Abaqus format.
        :type elem_type: str
        :param vertices: The vertices of the element given as node identifiers.
        :type vertices: list of ints

        """
        self.elem_type = elem_type
        self.vertices = vertices

    def __str__(self):
        """
        Returns a string representation of the element.

        :return: The string representation
        :rtype: string

        """
        return ("Element of type {0} containing the vertices with "
                "id {1}.".format(self.elem_type, self.vertices))
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  Source code for phon.mesh_objects.element_set

__copyright__ = "Copyright (C) 2013 Kristoffer Carlsson"

__license__ = """
Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.
"""


[docs]class ElementSet:

    """ Represents a set of elements """

    def __init__(self, name, dimension, ids=None):
        """
        :param name: Name of the element set.
        :type name: str
        :param dimension: The dimension of the elements in the set
        :type dimension: int
        :param ids: Identifiers of the elements in the set.
        :type ids: list of ints

        """
        self.name = name
        self.dimension = dimension

        if ids is None:
            ids = []
        self.ids = ids

        # Specific properties assigned to the set, e.g. material properties.
        self.set_properties = {}

[docs]    def get_dimension(self):
        """
        Get the dimension of the element set.

        :return: The dimension.
        :rtype: int

        """
        return self.dimension


    def __str__(self):
        """
        Returns a string representation of the element set.

        :return: The string representation
        :rtype: str

        """
        return ("Element set with name {0} containing elements with the "
                "following ids {1}".format(self.name, self.ids))

[docs]    def get_all_node_ids(self, mesh):
        """
        Gets all the nodes identifiers for the elements in the element set.

        :param mesh: The mesh
            :type mesh: :class:`phon.mesh_objects.mesh.Mesh()`
        :return: The node identifiers
        :rtype: list of ints

        """
        all_node_ids = []

        for element_id in self.ids:
            all_node_ids += mesh.elements[element_id].vertices

        return list(set(all_node_ids))
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phon.io_tools.write package



Submodules





phon.io.write.export_to_abaqus module



		
phon.io_tools.write.export_to_abaqus.export_to_abaqus(filename, mesh, write_2d_elements, f=None)[source]


		Writes a mesh to a file in a format such that Abaqus can read it.






		Parameters:		
		filename (string) – Path to the file to write the mesh to.


		mesh (Mesh) – The mesh to write to the file.


		write_2d_elements (boolean) – Determines if two dimensional elements and
element sets should be written to the file.


		f (file object) – If given as an argument the mesh is appended to this file
instead of opening a new one.




















		
phon.io_tools.write.export_to_abaqus.write_column_broken_array(int_array, f)[source]


		Writes an array to a file and inserts a new line every fifteen element
as required by Abaqus.






		Parameters:		
		int_array (array) – The array to write to the file


		f (file object) – The file to write the array to






















phon.io_tools.write.export_to_oofem module



		
phon.io_tools.write.export_to_oofem.export_to_oofem(filename, mesh, write_2d_elements)[source]


		Writes a mesh to a file in a format that OOFEM uses.






		Parameters:		
		filename (string) – Path to the file to write the mesh to.


		mesh (Mesh) – The mesh to write to the file.


		write_2d_elements (boolean) – Determines if two dimensional elements and
element sets should be written to the file.






















Module contents
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		Submodules


		phon.io_tools.read.read_from_abaqus_inp module


		Module contents
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  Source code for phon.mesh_objects.node_set

__copyright__ = "Copyright (C) 2013 Kristoffer Carlsson"

__license__ = """
Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.
"""


[docs]class NodeSet:

    """ Represents a set of nodes """

    def __init__(self, name, ids=None):
        """
        :param name: The name of the node set.
        :type name: str
        :param ids: The identifiers of the nodes
        :type ids: list of ints

        """
        self.name = name

        #: The elements contained in the set
        if ids is None:
            ids = []
        self.ids = ids

    def __str__(self):
        """
        Returns a string representation of the node.

        :return: The string representation.
        :rtype: str

        """
        return ("Node set with name {0} containing nodes with the "
                "following ids {1}".format(self.name, self.ids))
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  Source code for phon.io_tools.write.export_to_abaqus

__copyright__ = "Copyright (C) 2013 Kristoffer Carlsson"

__license__ = """
Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.
"""

"""
Module that contains the method of writing a mesh to a file that Abaqus can
 read.
"""

from collections import defaultdict
from collections import OrderedDict

from phon.mesh_objects.mesh import Mesh
from phon.io_tools import element_dictionary
from phon.io_tools import element_dictionary_inverse
from phon.io_tools import node_order_override
from phon.io_tools import elements_1d
from phon.io_tools import elements_2d


[docs]def export_to_abaqus(filename, mesh, write_2d_elements, f=None):
    """
    Writes a mesh to a file in a format such that Abaqus can read it.

    :param filename: Path to the file to write the mesh to.
    :type filename: string
    :param mesh: The mesh to write to the file.
    :type mesh: :class:`Mesh`
    :param write_2d_elements: Determines if two dimensional elements and
                              element sets should be written to the file.
    :type write_2d_elements: boolean
    :param f: If given as an argument the mesh is appended to this file
              instead of opening a new one.
    :type f:  file object
    """

    write_1d_elements = False

    if f is None:
        f = open(filename, 'w')

    # Write header
    f.write('*Part, name=' + mesh.name.upper())

    # Write nodes
    f.write('\n*Node\n')
    for node_id, node in mesh.nodes.items():
        f.write("{0:d}, ".format(node_id))
        f.write("{0:.12e}, {1:.12e}, {2:.12e}\n".format(
            node.c[0], node.c[1], node.c[2]))

    # Recreate element indices
    element_indices = defaultdict(lambda: [], OrderedDict())
    for i, element in mesh.elements.items():
        element_indices[element.elem_type].append(i)

    # Elements
    for element_type, elements in element_indices.items():

        if ((write_1d_elements is False) and
                (element_dictionary_inverse[(element_type, "abaqus")] in elements_1d)):
            continue

        if ((write_2d_elements is False) and
                (element_dictionary_inverse[(element_type, "abaqus")] in elements_2d)):
            continue

        element_name = element_dictionary[(element_type, "abaqus")]
        f.write("\n*Element, type=" + element_name + "\n")
        for element_id in elements:
            f.write("%d, " % element_id)
            # Code below changes "[1,2,3]" to "1, 2, 3"
            if (element_type, "abaqus") in node_order_override:
                node_order = node_order_override[(element_type, "abaqus")]
            else:
                node_order = range(len(mesh.elements[element_id].vertices))
            # Code below changes "[1,2,3]" to "1, 2, 3"
            vertices = [mesh.elements[element_id].vertices[x] for x in node_order]
            f.write(''.join('{}, '.format(k) for k in vertices)[:-2])
            f.write("\n")

    # Element sets
    for element_set_name, element_set in mesh.element_sets.items():

        if ((write_1d_elements is False) and
                (mesh.element_sets[element_set_name].dimension == 1)):
            continue

        if ((write_2d_elements is False) and
                (mesh.element_sets[element_set_name].dimension == 2)):
            continue

        if len(element_set.ids) == 0:
            continue

        f.write("\n*Elset, elset=" + element_set_name + "\n")
        write_column_broken_array(element_set.ids, f)

    # Node sets
    for node_set_name, node_set in mesh.node_sets.items():
        f.write("\n*Nset, nset=" + node_set_name + "\n")
        write_column_broken_array(node_set.ids, f)

    # Surfacecd p sets
    for element_side_name, element_side_set in mesh.element_side_sets.items():
        f.write("\n*SURFACE, type=Element, NAME=" + element_side_name + "\n")
        for element_side in element_side_set.sides:
            # Tet side order:
            # [[0, 2, 1], [0, 1, 3], [1, 2, 3], [0, 3, 2]]
            # 1,2,3     1, 2, 4,    2, 3, 4,    1, 4, 3
            # Seems to match with the def. in abq, so here we go:
            f.write("{}, S{}\n".format(element_side.elem, element_side.side))

    f.write("*End Part")
    f.close()



[docs]def write_column_broken_array(int_array, f):
    """
    Writes an array to a file and inserts a new line every fifteen element
    as required by Abaqus.

    :param int_array: The array to write to the file
    :type int_array: array
    :param f: The file to write the array to
    :type f: file object

    """
    for idx, i in enumerate(int_array):
        if (idx + 1) % 15 == 0:
            f.write('\n')
        if idx == (len(int_array) - 1):
            f.write(str(i) + "\n")
        else:
            f.write(str(i) + ", ")
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  Source code for phon.mesh_objects.element_side_set

__copyright__ = "Copyright (C) 2013 Kristoffer Carlsson"

__license__ = """
Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.
"""


[docs]class ElementSide:

    def __init__(self, elemnum, sidenum):
        self.elem = elemnum
        self.side = sidenum

    def __str__(self):
        return "Side {} of element {}".format(self.side, self.elem)



[docs]class ElementSideSet:

    """ Represents a set of element sides """

    def __init__(self, name):
        """
        :param name: Name of the set.
        :type name: str
        """
        self.name = name
        self.sides = []

        # Specific properties assigned to the set, e.g. material properties.
        self.set_properties = {}

    def __str__(self):
        """
        Returns a string representation of the element set.

        :return: The string representation
        :rtype: str

        """
        return ("Element side set with name {0} containing elements with the "
                "following ids {1}".format(self.name, self.sides))
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phon.io.read package



Submodules





phon.io_tools.read.read_from_abaqus_inp module


phon.io_tools.read.read_from_gmsh module
—————————————-ls





Module contents
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  Source code for phon.io_tools.write.export_to_oofem

__copyright__ = "Copyright (C) 2013 Kristoffer Carlsson"

__license__ = """
Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.
"""

from phon.io_tools import element_dictionary
from phon.io_tools import element_dictionary_inverse
from phon.io_tools import elements_2d
from phon.io_tools import elements_1d


[docs]def export_to_oofem(filename, mesh, write_2d_elements):
    """
    Writes a mesh to a file in a format that OOFEM uses.

    :param filename: Path to the file to write the mesh to.
    :type filename: string
    :param mesh: The mesh to write to the file.
    :type mesh: :class:`Mesh`
    :param write_2d_elements: Determines if two dimensional elements and
                              element sets should be written to the file.
    :type write_2d_elements: boolean
    """

    mesh_dimension = 1
    if mesh.get_number_of_2d_elements() > 0:
        mesh_dimension = 2

    if mesh.get_number_of_3d_elements() > 0:
        mesh_dimension = 3

    if mesh_dimension == 3:
        set_type_bulk = "poly"
        set_type_interface = "face"
    elif mesh_dimension == 2:
        set_type_bulk = "face"
        set_type_interface = "edge"
    else:
        print('Unsupported dimension in export_to_oofem: ', mesh_dimension)
        return

    write_crosssections = True
    write_materials = True
    write_bcs = True
    write_ltf = False

    with open(filename, "w") as f:

        if write_2d_elements:
            n_elements = (mesh.get_number_of_2d_elements() +
                          mesh.get_number_of_3d_elements())
        else:
            n_elements = mesh.get_number_of_3d_elements()

        n_cs = 0
        n_set = len(mesh.node_sets) + len(mesh.element_side_sets)
        for element_set_name, element_set in mesh.element_sets.items():
            if (write_2d_elements is False) and (element_set.dimension == 2):
                continue
            if element_set.dimension == 1:
                continue
            n_set += 1
            if element_set_name[:4] == set_type_bulk or element_set_name[:5] == "cohes":
                n_cs += 1

        # Output file record
        # f.write(filename + ".out\n")

        # Job description record
        # f.write("{}\n".format(mesh.name))

        # Analysis record
        # f.write("StaticStructural 1 nsteps 1 nmodules 1\n")
        # f.write("vtkxml tstep_all domain_all primvars 1 1 cellvars 4 1 2 4 5\n")
        # Domain record
        if mesh_dimension == 3:
            f.write("domain 3d\n")
        elif mesh_dimension == 2:
            f.write("domain 2dPlaneStress\n")

        # Output manager record
        f.write("OutputManager\n")

        # Components size record
        if write_crosssections:
            f.write("ncrosssect " + str(n_cs) + " ")
        else:
            f.write("ncrosssect " + str(0) + " ")

        f.write("ndofman " + str(len(mesh.nodes)) + " ")
        f.write("nelem " + str(n_elements) + " ")

        f.write("nset " + str(n_set) + " ")

        if write_materials:
            f.write("nmat " + str(n_cs) + " ")
        else:
            f.write("nmat " + str(0) + " ")

        if write_bcs:
            num_bcs = 0
            for element_set_name, element_set in mesh.element_side_sets.items():
                if 'boundary_condition_name' in element_set.set_properties and 'boundary_condition_properties' in element_set.set_properties:
                    num_bcs += 1
            f.write("nbc {} ".format(num_bcs))
        else:
            f.write("nbc 0 ")

        f.write("nic 0 ")

        if write_ltf:
            f.write("nltf 2 ")
        else:
            f.write("nltf 0 ")

        f.write("\n")

        # Write nodes
        for node_id, node in mesh.nodes.items():
            f.write("node {0:d} ".format(node_id))
            f.write("coords 3 {:.12e} {:.12e} {:.12e} ".format(
                node.c[0], node.c[1], node.c[2]))
            f.write("\n")

        # Elements
        for element_id, element in mesh.elements.items():
            if (write_2d_elements is False) and \
                    (element_dictionary_inverse[(element.elem_type, "abaqus")] in elements_2d):
                continue
            if element_dictionary_inverse[(element.elem_type, "abaqus")] in elements_1d:
                continue
            element_name = element_dictionary[(element.elem_type, "oofem")]
            f.write(element_name + " {0:d} ".format(element_id))
            f.write("nodes {} ".format(str(len(element.vertices))))
            # Code below changes "[1,2,3]" to "1 2 3"
            f.write(''.join('{} '.format(k)
                            for k in element.vertices)[:-1])
            f.write("\n")

        # Crosssections
        if write_crosssections:
            cs_id = 0
            count = 0
            for element_set_name, element_set in mesh.element_sets.items():
                if (write_2d_elements is False) and (element_set.dimension == 2):
                    continue
                if element_set.dimension == 1:
                    continue

                count += 1
                cs_name = 'CROSS_SECTION_NAME'

                if element_set_name[:4] == set_type_bulk:
                    cs_name = 'SimpleCS'
                elif element_set_name[:5] == "cohes":
                    cs_name = 'InterfaceCS'

                if element_set_name[:4] == set_type_bulk or element_set_name[:5] == "cohes":
                    cs_id += 1

                    if 'cross_section_name' in element_set.set_properties:
                        cs_name = element_set.set_properties['cross_section_name']
                        #print 'Found cross_section_name: ', element_set.set_properties['cross_section_name']

                    cs_properties = ''
                    if 'cross_section_properties' in element_set.set_properties:
                        cs_properties = element_set.set_properties['cross_section_properties']
                        #print 'Found cross_section_properties: ', element_set.set_properties['cross_section_properties']

                    f.write("{} {} {} material {} set {}\n".format(cs_name, str(cs_id), cs_properties, str(cs_id), count))
        else:
            f.write("######### Crosssections here\n")

        # Materials
        f.write("######### Materials here\n")
        if write_materials:
            mat_id = 0
            count = 0
            for element_set_name, element_set in mesh.element_sets.items():
                if (write_2d_elements is False) and (element_set.dimension == 2):
                    continue
                if element_set.dimension == 1:
                    continue

                count += 1
                mat_name = 'MATERIAL_NAME'
                mat_properties = 'MATERIAL_PROPERTIES'

                if element_set_name[:4] == set_type_bulk:
                    mat_name = 'IsoLE'
                elif element_set_name[:5] == "cohes":
                    mat_name = 'IntMatIsoDamage'

                if element_set_name[:4] == set_type_bulk or element_set_name[:5] == "cohes":
                    mat_id += 1

                    if 'material_name' in element_set.set_properties:
                        mat_name = element_set.set_properties['material_name']

                    if 'material_properties' in element_set.set_properties:
                        mat_properties = element_set.set_properties['material_properties']

                    f.write("{} {} {}\n".format(mat_name, count, mat_properties))
                    #f.write("BULK_MATERIAL\n")

        f.write("######### Boundary conditions here\n")
        if write_bcs:

            sets_passed = 0
            for element_set_name, element_set in mesh.element_sets.items():
                if (write_2d_elements is False) and (element_set.dimension == 2):
                    continue
                if (element_set.dimension == 1):
                    continue

                sets_passed += 1

            count = 0
            bc_ind = 0
            for element_set_name, element_set in mesh.element_side_sets.items():

                sets_passed += 1
                count += 1
                if 'boundary_condition_name' in element_set.set_properties and 'boundary_condition_properties' in element_set.set_properties:
                    bc_ind += 1
                    bc_name = element_set.set_properties['boundary_condition_name']
                    bc_props = element_set.set_properties['boundary_condition_properties']
                    f.write("{} {} set {} {}\n".format(bc_name, bc_ind, sets_passed, bc_props))

            #disp_z = 0
            #for n in mesh.nodes.values():
            #    disp_z = max(disp_z, n.c[2])
            #f.write("BoundaryCondition 1 loadTimeFunction 1 values 3 0. 0. 0. dofs 3 1 2 3 set {}\n".format(0))
            #f.write("BoundaryCondition 2 loadTimeFunction 2 values 3 0. 0. {:e} dofs 3 1 2 3 set {}\n".format(disp_z, 0))

        f.write("######### Load time functions here\n")
        if write_ltf:
            f.write("ConstantFunction 1 f(t) 0.\n")
            f.write("PiecewiseLinFunction 2 npoints 2  f(t) 2 0. 1.   t 2 0. 1.\n")

        # Sets
        set_id = 0
        # Element sets
        for element_set_name, element_set in mesh.element_sets.items():
            if (write_2d_elements is False) and (element_set.dimension == 2):
                continue
            if (element_set.dimension == 1):
                continue
            set_id += 1
            f.write("# " + element_set_name)
            f.write("\nSet {} elements {} ".format(str(set_id), str(len(element_set.ids))))
            f.write(''.join('{} '.format(k) for k in element_set.ids)[:-1])
            f.write("\n")

        # Element side sets
        for side_set_name, side_set in mesh.element_side_sets.items():
            set_id += 1
            f.write("# " + side_set_name)
            f.write("\nSet {} elementboundaries {} ".format(
                str(set_id), str(2 * len(side_set.sides))))
            f.write(''.join('{} {}  '.format(k.elem, k.side)
                            for k in side_set.sides)[:-1])
            f.write("\n")

        # Node sets
        for node_set_name, node_set in mesh.node_sets.items():
            set_id += 1
            f.write("# " + node_set_name)
            f.write("\nSet {} nodes {} ".format(
                str(set_id), str(len(node_set.ids))))
            f.write(''.join('{} '.format(k) for k in node_set.ids)[:-1])
            f.write("\n")


            # For testing
            # f.write("\nSimpleCS 1\n")
            # f.write("IsoLE 1 d 1. E 30.e6 n 0.2 tAlpha 1.2e-5\n")
            # f.write("BoundaryCondition  1 loadTimeFunction 1 prescribedvalue 0.0\n")
            # f.write("PeakFunction 1 t 1.0 f(t) 1.\n")
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