Laminate Layup Illustration

A laminate layup is a number of shells. Each shell has its own midsurface. You calculate the stress for each ply when you analyze the model.

For a shell with laminates, the face of the shell is at the midsurface of the laminated layers:


When you create a laminate stiffness shell property set, you can realign the default material orientations. See the About Material Orientation entry for more information. 

Return to Laminate Layup.

About Material Orientation

Use the Matl Orients command (for integrated and FEM modes) or the Material Orient command (for independent mode) to specify material orientation for surfaces, volumes, shells, solids, 2D solids, and 2D plates.

Pro/MECHANICA uses these properties to determine the material directions of orthotropic or transversely isotropic material properties you assign to these entities.

You may also view certain results, such as stress, displacement, flux, and others relative to the material orientation assigned to the elements.

If you are working with a single part, Pro/MECHANICA defines the material orientation for that part. If your model is an assembly, Pro/MECHANICA enables you to define material orientation for each of the parts that make up the assembly.

When you select Material Orient, the Material Orientations data form appears.

To learn more about using material orientation, see:

· Guidelines for Material Orientation 

· Default Material Orientation 

Return to About Model or About Properties. 
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Guidelines for Material Orientation
Be aware of the following when assigning material orientation:

· The two types of material orientation are:

· 2D — use for surfaces and shells

· 3D — use for parts, volumes, and solids

· Material orientation is associated with an entity, not with a material.

· The material directions 1, 2, and 3 defined by the material orientation correspond to the directions listed on the Material Definition data form when you enter orthotropic or transversely isotropic material properties.

· If you assign a transversely isotropic or an orthotropic material to your model, then you must also specify the material's orientation, or be aware of the default behavior.

· If you do not specify material orientation, Pro/MECHANICA assumes the default material orientation.

· If you delete an orientation, you set the entity back to its default.

· You cannot assign material orientation properties to curves, beams, or 2D shells.

· Material orientation is defined in 3D for both 2D and 3D model types.

· In integrated mode, if you assign a material orientation to a part and that part gets compressed to a surface, the definition of the material orientation changes from one defined over a part to one defined over a surface. The material orientation applies to all of the surfaces that are created when Pro/MECHANICA compresses the part.

· In integrated mode, you cannot assign a material orientation to a surface that has a shell associated with it.

· You can define any number of material orientations for a model without assigning them.

Return to About Material Orientation. 
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Default Material Orientation
If you do not specify a material orientation, Pro/MECHANICA assumes:

· For all entities, except for surfaces on 3D models and for shells, that the principal material directions are aligned with the WCS axes.

· For surfaces on 3D models and for shells, that the principal material directions are defined by the parameterization of the surface, and that:

· Material direction 1 is parallel to the first parametric curve of the surface.

· Material direction 2 is set perpendicular to directions 1 and 3.

· Material direction 3 is perpendicular to the surface and aligned with the surface normal. For information about surface normals, see Surface Normals.

Continue on to Assign a Material Orientation or return to About Material Orientation.

Layup

Specifies the layer repetition pattern as 

· Symmetric — The layers are repeated in reverse order. 

· Antisymmetric — The layers are repeated in reverse order, and the orientation is also changed.

· Neither — The layers are not repeated.

For example, a three-layer laminate would change as follows:

	Symmetric
	a b c c b a

	Antisymmetric
	a b c -c -b -a

	Neither
	a b c


This data form requires that you complete a table that defines the layers in your laminate. Each line in the table represents either a ply or sub-laminate of the shell property being defined. Note that the row numbers decrease as you go down the list since plies are traditionally numbered from the bottom up. 

Return to Laminate Layup.

Shell Property Equations



This document provides a very brief description of how the mechanical properties of shells are represented mathematically in Pro/MECHANICA. This document also defines the terminology used to describe shell properties and shell results within Pro/MECHANICA. 

This document is divided into the following sections: 

Topic

Overview 

Formulae for Calculating Shell Properties 

List of Symbols 

Bibliography 

Overview
The formulae given in this document express the fundamental relationships between shell forces, moments, strains, curvature changes, and shell properties and results. These formulae are provided to unambiguously define the conventions used to describe the various modeling and results data for shells. 

You specify properties that define the mechanical behavior of laminate shells on the laminate stiffness version of the Shell Properties data form. See About Shell Properties for more information. At the point for which you want to see results, you define the following properties relative to the material orientation: 

· shell extensional stiffnesses 

· shell transverse shear stiffnesses 

· shell extensional-bending coupling stiffnesses 

· shell bending stiffnesses 

· shell resultant thermal moment coefficients 

· shell resultant thermal force coefficient 

· mass per unit area 

· rotary inertia per unit area 

You can review the following results quantities with respect to the material orientation at the point of interest or with respect to a coordinate system. See Relative Results for more information. 

· rotation of shell midsurface about the X and Y axes 

· midsurface strain 

· curvature change of the shell midsurface 

· shell resultant moment 

· shell resultant force 

· shell transverse shear force 

· stress 

· displacement of the shell midsurface 

See the List of Symbols for the symbols that represent these terms. 

These formulae and their descriptions are not meant to be a tutorial for the analysis of shells. More detailed information concerning the modeling of laminated or orthotropic shells may be found in the texts by Jones (1), Reddy (2), Tsai (3), Ugural (4) and others. The Bibliography describes these texts. 

The figures and equations presented in this section are given for flat shells, or plates. The engineering concepts presented here generalize to curved shells, but the mathematical descriptions of curved shells are more complicated and will not be given. 

Formulae for Calculating Shell Properties

A shell is a section of your Pro/MECHANICA model that is thin in comparison to its width and length. It is computationally efficient to model the thin regions of your structure with shells. This efficiency results, in part, from a basic assumption concerning the behavior of shells. That is, that the mechanical behavior of a shell can be approximated by describing the mechanical behavior of the midsurface of the shell. 

Thus, the displacement of a shell can be described by the displacement and rotation of its midsurface, the straining of a shell can be described by the straining and curvature changes of its midsurface, and the equilibrium of a shell can be described by the equilibrium of stresses integrated through the thickness of the shell. 

The figure below shows a flat rectangular shell, the edges of which are aligned with the X and Y axes of a Cartesian coordinate system. The XY plane of this coordinate system is halfway between the top and bottom surfaces of the shell; that is, the midsurface of the shell is at z=0. The shell has thickness t, so that the top surface is at z = t/2 and the bottom surfaces is at z = –t/2, as the following figure illustrates: 
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As mentioned above, it is assumed that the displacement of any point (x, y, z) in the shell can be expressed in terms of the displacement and rotation of the point (x, y, 0) on the midsurface of the shell. Specifically, it is assumed that: 
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where: 

· [image: image5.png]“,




are the components of displacement in the x, y, and z directions, respectively 

· [image: image6.png]


are the components of displacement of the midsurface 

· [image: image7.png]


are the (small) rotations of the midsurface about the x and y axes, respectively 

Similarly, the strain components [image: image8.png]


and [image: image9.png]


of any point (x,y,z) can be expressed in terms of the midsurface (or membrane) strains ([image: image10.png]e
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) and curvature changes ([image: image11.png]


) as: 
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Note that Equation (A.2) contains the tensor shear strain components, [image: image13.png]


and [image: image14.png]


, and not the engineering shear strain components, which are twice the values of the tensor shear strain components. 

For flat shells, the tensor shear strain components are: 
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and 
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The shell resultant forces ([image: image17.png]Voo Y on iV,



), the shell resultant moments ([image: image18.png]oM M



), and the shell transverse shear forces ([image: image19.png]


) are obtained by integrating the stress components [image: image20.png]


through the thickness of the shell. The shell resultant forces are given by: 
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The shell resultant moments are given by: 
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The shell transverse shear forces are given by: 
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The following figure illustrates the sign conventions employed for the resultant forces and moments, and transverse shear forces. Note that a positive moment, [image: image24.png]


, induces positive strain, [image: image25.png]


, in the top half of the shell (z > 0) and negative strain in the bottom half of the shell (z < 0). 
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The relationship between the shell resultants, and the midsurface strains and curvature changes are given by: 
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and: 
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In equation (A.6), the quantities [image: image29.png]


(where i,j = 1, 2, 6) are called the shell extensional stiffnesses, the quantities [image: image30.png]


are called the bending stiffnesses, the quantities [image: image31.png]


are called the extensional-bending coupling stiffnesses, and the quantities [image: image32.png]


(where k,l = 4,5) are called the transverse shear stiffnesses. The quantities [image: image33.png]


and[image: image34.png]


 are the transverse shear strains on the midsurface. The quantities [image: image35.png]


and [image: image36.png]


are the resultant thermal forces and moments respectively. 

The shell stiffness and thermal resultants introduced in Equations (A.6) and (A.7) are defined by integrating the material properties of the shell through the thickness of the shell. The extensional, bending, and extensional-bending stiffnesses are given by: 
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and: 
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and: 
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where [image: image40.png]


are the reduced stiffnesses of the material. 

The transverse shear stiffness is given by: 
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where: 

· [image: image42.png]


are (non-reduced) stiffnesses of the material, and 

· [image: image43.png]


are the shear correction coefficients, which for a homogeneous shell are often taken to be [image: image44.png]K, = K, = J5/6



. 

Note that if the material of the shell is distributed symmetrically about the midsurface, then the integral in Equation (A.9) vanishes and the extensional-bending coupling stiffnesses [image: image45.png]


are identically zero. 

The resultant thermal forces and moments are given by: 
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and: 
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where: 

· [image: image48.png]


are the coefficients of thermal expansion of the material, and 

· [image: image49.png]


is the change in temperature from the stress-free state. 

If the change in temperature is uniform through the thickness of the shell, then the [image: image50.png]


in Equations (A.12) and (A.13) may be removed from the integral, resulting in Equations (A.14) and (A.15): 
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are called the shell resultant thermal coefficients, which are given by: 
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The mass properties for shells are also obtained by integrating the material property data through the thickness of the shell. The mass per unit area, [image: image56.png]


, is given by: 
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where [image: image58.png]


is the density of the material. 

The rotary inertia per unit area, [image: image59.png]


, is given by: 
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List of Symbols

The following table defines the symbols used in this document: 

	

Symbol 
	Definition 

	[image: image61.png]



	coefficients of thermal expansion
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(i,j = 1,2,6)
	shell extensional stiffness

	[image: image63.png]Ay



(k,l = 4,5)
	shell transverse shear stiffness
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(i,j = 1,2,6)
	shell extensional-bending coupling stiffness
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	rotation of shell midsurface about the X and Y axes
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(k,l = 4,5)
	material stiffness
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(i,j = 1,2,6)
	shell bending stiffness
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	temperature change

	[image: image69.png]



	strain
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	midsurface (or membrane) strain
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	curvature change of the shell midsurface
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(k,l = 4,5)
	shear correction coefficients
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	shell resultant moment
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	shell resultant thermal moment
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	shell resultant thermal moment coefficient
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	shell resultant force
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	shell resultant thermal force
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	shell resultant thermal force coefficient
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	shell transverse shear force
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(i,j = 1,2,6)
	material reduced stiffness
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	mass per unit area
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	rotary inertia per unit area
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	stress

	t
	shell thickness
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	displacement

	[image: image85.png]



	displacement of the shell midsurface

	x, y
	midsurface coordinates

	z
	coordinate perpendicular to the shell 
midsurface
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Laminate Layup

A laminate consists of a number of plies stacked on each other. Laminate Layup provides an editor for 3D laminate layup shell properties, allowing you to: 

· specify the properties for each ply

· obtain ply-by-ply stress results (not available in Thermal or in FEM mode)

· parameterize ply thickness and orientation

You can review the properties for each ply in the results.

For a picture of what a laminate layup shell looks like, see Laminate Layup Illustration.

When you select Laminate Layup, additional items appear on the data form:

· Layup
For each ply, you must specify the following information:

· Material or Sub-laminate
· Thickness
· Orientation
· Number
Use these buttons to control your laminate layup table:

· Clear
· Compact
· Add Rows 

· Delete Rows
· Review Layup 

· Review Stiffness (not available in Thermal)

For ease of use when modeling composites and the ability to compute ply stresses in the postprocessor, use Laminate Layup rather than Laminate Stiffness.

Note: In FEM mode, Pro/MECHANICA supports laminate layup shell properties and material orientations assigned to surfaces for NASTRAN only. If you are running an analysis with another solver, Pro/MECHANICA will inform you that you cannot run the analysis with the solver you have chosen.

Return to previous.

Orientation

Enter the orientation for the ply or sub-laminate. For a single ply, the orientation is the amount the material is rotated about the material direction perpendicular to the shell or surface (the material orientation 3 direction). 

A single orientation can be entered—for example, 45—or multiple orientations can be entered at once—for example, 0/90/45/-45.

To enter a negative orientation, insert a minus sign before the number in the entry box. For example, the negative orientation of a ply can be entered as -45. 

For sub-laminates, the orientation is the amount by which the entire sub-laminate is rotated.

The entry box for orientation is parameter-capable. 

Return to Laminate Layup.

Review Layup

Opens the Review Of Laminate Layup data form which displays all of the individual plies of the laminate, with the sub-laminates expanded into individual plies. Pro/MECHANICA substitutes all the current parameter values and provides the total thickness at the bottom.

[image: image86.png]= Review of Laminate Layup

Ply  Material Thickness Orientation
(degrees)
§ STEEL_IPS 0071 15
7  STEELIPS 0071 -15
6  STEELIPS 0071 45
5  STEEL_IPS 0071 -45
4 STEELIPS 0071 45
3 STEELIPS 0071 -45
2 STEELIPS 0071 15
1 STEEL_IPS 0071 -15

Total Thickness: 0.568

Done





Add Rows

Adds rows to the table. You can add rows to the bottom of the table, top of the table, above the current row, or below the current row as shown below:
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You can specify the current row in an entry box Pro/MECHANICA adds to the data form if you select Above Row or Below Row.

Return to Laminate Layup.

