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COSMOSWorks Designer 2007 Training Manual Lesson 9
Vehicle Suspension Analysis Using Design Scenarios

6 Assign the material.
Specify Alloy Steel (SS) to all the components. You can find this
material in the cosmos materizals library.

7 Define Hinge supports
Define five Hinge supports as o5 @
indicated in the figure. i

8 Connectthe shock and the lower arm.

Define a Pin connector Cleg-y
between the shock and the g T
lower arm. %)

‘f@@ &

9 Connect the lower and upper arms to the hub.
Define two Pin connectors between the Lower arm, upper arm
and the hub.

Suspension Design: Multiple load cases 237
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Introduction to FEA

About This
Course

Prerequisites

Course Design
Philosophy

Using this Book

Laboratory
Exercises

Training files

Windows® XP

COSMOSWorks Designer 2007 Training Manual

The goal of this course is to teach you how to use the COSMOS Works
Designer software to help you analyze static structural behavior of your
SohidWorks part and assembly models.

The focus of this course is on the fundamental skills and concepts
central to the successful use of COSMOSWorks 2007. You should
view the training course manual as a supplement to, and not a
replacement for. the system documentation and on-line help. Once you
have developed a good foundation in basic skills, you can refer to the
on-line help for information on less frequently used command options.

Students attending this course are expected to have the following:

m  Mechanical design experience.

m  Experience with the Windows™ operating system.

m  Completed the on-line SolidWorks tutorials that are available under
Help. You can access the on-line tutorials by clicking Help, Online
Tutorial.

This course is designed around a process- or task-based approach to
training. Rather than focusing on individual features and functions. a
process-based training course emphasizes processes and procedures
you should follow to complete a particular task. By utilizing case
studies to illustrate these processes, you learn the necessary commands.
options, and menus in the context of completing a design task.

This training manual is intended to be used in a classroom environment
under the guidance of an experienced COSMOSWorks instructor. It is
not intended to be a self-paced tutorial. The examples and case studies
arc designed to be demonstrated “live” by the instructor.

Please note, there may be slight differences in results in certain lessons
due to service pack upgrades, elc.

Laboratory exercises give you the opportunity to apply and practice the
material covered during the lecture/demonstration portion of the
course.

A complete set ol the various files used throughout this course can be
downloaded from the SolidWorks website, www.solidworks.com.
Click on the link for Services, then Training and Certification. There
you will see a link to the page where you can download the training file
sets, The files are supplied as signed, self~extracting executable
packages.

The screen shots in this manual were made using Solid Works 2007 and
COSMOSWorks 2007 running on Windows® XP. If you are running on
a different version of Windows, you may notice differences in the
appearance of the menus and windows. These differences do not affect
the performance of the software.

About This Course
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Conventions Used

in this Book

Use of Color

About This Course

Introduction to FEA

This manual uses the following typographic conventions:

Convention Meaning

Bold Sans Serif COSMOSWorks commands and options
appear in this style. For example, “Right-click
Load/Restraint and select Force™
means right-click the Load/Restraint
icon in the COSMOSWorks Manager tree and
select Force from the shortcut menu.

Typewriter Feature names and file names appear in this
style. For example, Restraint-1.

Double lines precede and follow sections of
17 Do this step the procedures. This provides separation
between the steps of the procedure and large
blocks of explanatory text. The steps
themselves are numbered in sans serif bold.

The SolidWorks and COSMOSWorks user interface make extensive
use of color to highlight selected geometry and to provide you with
visual feedback. This greatly increases the intuitiveness and ease of use
of the COSMOSWorks software. To take maximum advantage of this,
the training manuals are printed in full color.

Also, in many cases, we have Radius 50mm
used additional color in the
illustrations to communicate
concepts, identify features, and
otherwise convey important
information. For example, we
might show the fillet areas of a
part in a different color, to
highlight areas for mesh control, even though by default, the
COSMOSWorks software would not display the results in that way.

Radius 5mm

All Around Radius Bmm, 4 Places



Introduction to FEA

What is
COSMOSWorks?

COSMOSWorks Designer 2007 Training Manual

COSMOSWorks is a design analysis tool based on a numerical
technique called Finite Element Analysis or FEA. COSMOSWorks
belongs to the family of engineering analysis software products
developed by SRAC, now part of SolidWorks Corporation. Established
in 1982, SRAC pioneered the implementation of FEA into desktop
computing. In 1995, SRAC entered the emerging mainstream FEA
software market by partnering with SolidWorks Corporation and
creating COSMOSWorks software, one of the first SolidWorks Gold
Products. COSMOSWorks software soon became the top-selling, add-
in analysis software for SolidWorks Corporation. The commercial
success of COSMOSWorks software integrated with SolidWorks CAD
software resulted in the acquisition of SRAC in 2001 by Dassault
Systemes, the parent company of SolidWorks Corporation. In 2003,
SRAC merged with SolidWorks Corporation.

SolidWorks is a parametric, solid, feature-based CAD system. As
opposed to many other CAD systems that were originally developed in
a UNIX environment and only later ported to Windows, SolidWorks
has, from the very beginning, been developed specifically for the
Windows operating system. COSMOSWorks has also been specifically
developed for the Windows operating system. Full integration between
SolidWorks and COSMOSWorks is possible because both of the
programs are native Windows OS applications.

COSMOSWorks comes in different “bundles”, or applications,
designed to best suit the needs of different users. With the exception of
the COSMOSXpress bundle, which is an integral part of SolidWorks.
all COSMOSWorks bundles are add-ins. A brief description of the
capabilities of different bundles is as follows:

COSMOSXpress
The static analysis of parts with simple types of loads and supports.

COSMOSWorks Designer
The static analysis of parts and assemblies.

COSMOSWorks Professional
The static, thermal. buckling, frequency, drop test, optimization and
fatigue analysis of parts and assemblies.

COSMOSWorks Advanced Professional

All capabilities of COSMOSWorks Professional plus nonlinear
analysis; advanced dynamic analysis available in the GeoSTAR
interface.

In this volume, we introduce COSMOSWorks Designer through a
series of hands-on lessons intermixed with FEA fundamentals. We
recommend that you study the lessons in the order presented in the text.
As you go through the lessons, note that explanations and steps
described in detail in earlier lessons are not repeated later.

What is COSMOSWorks?
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What Is Finite
Element
Analysis?

Introduction to FEA

Each subsequent lesson assumes familiarity with software functions
and the FEA background discussed in previous lessons. Each lesson
builds on the skills and experience gained from the previous lessons.

Before we proceed with the Lessons, let us construct a foundation for
our skills in COSMOSWorks by taking a closer look at what Finite
Element Analysis is and how it works.

In mathematical terms, FEA, also known as the Finite Element Method,
is a numerical technique of solving field problems described by a set of
partial differential equations. Those types of problems are commonly
found in many engineering disciplines, such as machine design,
acoustics, electromagnetism, soil mechanics, fluid dynamics, and
others. In mechanical engineering, FEA is widely used for solving
structural, vibration, and thermal problems.

FEA is not the only tool available for numerical analysis. Other
numerical methods used in engineering include the Finite Difference
Method, Boundary Element Method, or Finite Volumes Method.
However, due to its versatility and high numerical efficiency, FEA has
come to dominate the software market for engineering analysis, while
other methods have been relegated to niche applications. Using FEA,
we can analyze any shape, use various ways to idealize geometry and
produce results with the desired accuracy. FEA theory, numerical
problem formulation, and solution methods become completely
transparent to users when implemented into modern commercial
software, including COSMOSWorks.

A powerful tool for engineering analysis, FEA is used to solve
problems ranging from very simple to very complex. Design engineers
use FEA during the product development process to analyze the
design-in-progress. Time constraints and limited availability of product
data call for many simplifications of the analysis models. At the other
end of scale, specialized analysts implement FEA to solve very
advanced problems, such as vehicle crash dynamics, metal forming, or
analysis of biostructures.

Regardless of the project complexity or the field of application, the
fundamental steps in any FEA project are always the same, be it for
example a structural, thermal, or acoustic analysis. The starting point
for any analysis is the geometric model. In our case, this is a
SolidWorks model of a part or an assembly. To this model, we assign
material properties, and define loads and restraints. Next, as always the
case when using a tool based on the method of numerical
approximations, we discretize the model intended for analysis.

The discretization process, better known as meshing, splits the
geometry into relatively small and simply-shaped entities, called finite
elements. The elements are called “finite” to emphasize the fact that

What Is Finite Element Analysis? 5
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they are not infinitesimally small, but only reasonably small in
comparison to the overall model size.

When working with finite elements, the FEA solver approximates the
wanted solution (for example, deformations or stresses) for the entire
model with the assembly of simple solutions for individual elements.

From the perspective of FEA software, each application of FEA
requires three steps:

Preprocessing

The type ol analysis (e.g., static, thermal, frequency), material
properties. loads and restraints are defined and the model is split into
finite elements.

Solution
Computing the desired results.

Postprocessing
Analyzing the results.

We follow the preceding three steps every time we use
COSMOSWorks.

From the perspective of FEA methodology, we list the following FEA
sleps:

Building the mathematical model

Building the finite element model

Solving the finite element model
Analyzing the results

illho -l o

Analysis with COSMOSWorks starts with the geometry represented by
a SolidWorks model of a part or assembly. This geometry must be
meshable into a correct and reasonably small, finite element mesh. By
small, we do not refer to the element size, but the number of elements
in the mesh. This requirement of meshability has very important
implications. We must ensure that the CAD geometry indeed meshes
and that the produced mesh provides the correct solution of the data of
interest, such as displacements, stresses, temperature distribution, and
SO on.

Often, but not always, this necessity of meshing requires modifications
to the CAD geometry. Such modifications can take the form of
defeaturing, idealization, and/or clean-up, described as follows:
Defeaturing refers to the process of suppressing or removing geometry
features deemed insignificant for analysis, such as external fillets,
rounds, logos, and so on.

Idealization presents a more aggressive exercise that may depart from
solid CAIDD geometry as, for example, when representing thin walls
with surfaces.

Build Mathematical Model
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Clean-up is sometimes required because the meshable geometry must
satisly much higher quality requirements than those commonly
followed in Solid Modeling. For clean-up, we can use CAD quality-
control tools to check for problems, like sliver faces or multiple
entities, that the CAD model could tolerate, but would make meshing
dilficult or impossible.

It is important to mention that we do not always simplify the CAD
model with the sole objective of making it meshable. Often, we
simplify a model that would mesh correctly “as is™, but the resulting
mesh would be too large and, consequently, the analysis would run too
slowly. Geometry modifications allow for a simpler mesh and shorter
computing time. Successful meshing depends as much on the quality of
the geometry submitted for meshing as on the sophistication ol the
meshing tools implemented in the FEA software.

Having prepared a meshable, but not yet meshed, geometry, we detine
material properties, loads, supports and restraints, and provide
information on the type of analysis that we wish to perforn.

This procedure completes the creation of a mathematical model. Note
that the process of creating the mathematical model is not FEA-
specific. FEA has not yet entered the picture.

|dealization of gecmetry

{if necessary) Type of  Matenal
Analysis  Properties Supports  Loads

| v

b b

CAD geometry Simplified geometry

CAD FEA Pre-processing
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We now split the mathematical model into finite elements through a
process of discretization, better known as meshing. Discretization
visually manifests itself as the meshing of geometry. However, loads
and supports are also discretized and, after the model has been meshed,
the discretized loads and supports are applied to nodes of the finite
element mesh

Discretization MNumerical solver

. MATHEWATICAL
S FMODEEE S

FEA model FEA results
FEA Pre-processing FEA Solution FEA Post-precessing
= - -+ -

Alter creating the finite element model, we use a solver provided in the
COSMOSWorks to produce the desired data of interest.

The analysis of results is often the most difficult step of all. The
analysis provides very detailed results data, which can be presented in
almost any format. Proper interpretation of results requires that we
appreciate the assumptions, simplifications, and errors introduced in
the first three steps: building the mathematical model, building the
finite element model, and solving the finite element model.

The process of creating a mathematical model and discretizing it into a
finite element model introduces unavoidable errors. Formulation of a
mathematical model introduces modeling errors, also called
idealization errors. Discretization of the mathematical model
introduces discretization errors, and solution introduces numerical
CITOrS.

Of these three types of errors, only discretization errors are specific to
FEA. Therefore, only discretization errors can be controlled using FEA
methods. Modeling errors, affecting the mathematical model, are
introduced before FEA is utilized and can only be controlled by using
correct modeling techniques. Solution errors, which are round-off
errors accumulated by solver, are difficult to control, but fortunately
are usually very low,

Build Finite Element Model
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As we have already said, the discretization process, better known as
meshing, splits continuous models into finite elements. The type of
clements created in this process depends on the type ol geometry
meshed. the type of analysis to be executed, and sometimes on our own
preferences.

COSMOSWorks features tetrahedral solid elements for meshing solid
geometry, and triangular shell elements for meshing surface geometry.
Why are we limited to tetrahedral, and triangular shapes? This is
because the automeshers reliably mesh almost any solid or surface
geometry using only those shapes of elements. Elements in other
shapes, such as hexahedral (brick) elements, cannot be created reliably
by the present-day automeshers. This limitation is not specific to
automeshers used in COSMOSWorks. A reliable brick element
automesher has not been invented yet.

Before proceeding, we need to clarify an important terminology issue.
What in CAD terminology we call solid geometry, in FEA is called
volumes. Solid elements are used to mesh those volumes. The term
solid has different meanings when it is used as solid geometry in CAD
terminology and when it is used as solid element in FEA terminology.

Five element types are available in COSMOSWorks: first order solid
tetrahedral elements, second order solid tetrahedral elements, first order
triangular shell elements, second order triangular shell elements, and
two-node beam elements. The next few paragraphs describe them in
this order.

COSMOSWorks terminology refers to first order elements as Draft
Quality elements and second order elements as High Quality elements.

First order (draft quality) tetrahedral elements model the first order
(linear) displacements field in their volume, along faces and edges. The
linear, or the first order, displacements field gives these elements their
name: first order elements. I you recall from The Mechanics of
Materials, strain is the first derivative of displacement. Therefore,
strain (obtained by derivating displacement) and, consequently, stress
are both constant in first order tetrahedral elements.

Each first order tetrahedral element has After

total of four nodes, one 1n each corner. deformation
Each node has three degrees of freedom,
meaning that nodal displacements can
be fully described by three translation
components. A more detailed
description of degrees of freedom
follows later in this chapter.

Before J
deformation
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The edges of first order elements are straight and the faces are flat.
These edges and faces must remain straight and flat after the elements
experience deformation under an applied load.

This situation imposes a very severe limitation on the capability of a
mesh constructed with first order elements to model displacements and
stress fields of any real complexity. Moreover, straight edges and flat
faces do not map properly to curvilinear geometry.

The failure of straight edges and flat faces to map to curvilinear
]

geometry using first order tetrahedral elements is shown in the

following diagram using an elbow geometry.

For demonstration purposes, excessively large (as compared to the
model size) elements are used for this mesh. This mesh would not be
sufficiently refined for any analysis.

Second order (high quality) solid tetrahedral elements model the
second order (parabolic) displacements field and, consequently, first
order (linear) stress ficld (note that the derivative of a parabolic
function is a linear function). The second order displacements field
gives these elements their name: second order elements.

Each second order tetrahedral element has ten nodes (four corner nodes
and six mid-side nodes) and each node has three degrees of freedom.

The edges and faces of second order After

solid elements can assume curvilinear deformation
shapes if the elements need to map to

curvilinear geometry and/or during the

deformation process when the elements

deform under a load.

Before
deformation

Finite Elements
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Therefore, these elements map precisely to curvilinear geometry, as
illustrated by the same elbow geometry.

Again, for demonstration purposes, excessively large (as compared o
the model size) elements are used for this mesh. This mesh is not
sufficiently refined for analysis, even though it uses second order
elements that require a significantly less-refined mesh compared to that
for first order elements.

For accurate stress results, it is generally recommended to use two
layers of second order elements across the wall thickness.

Because of their much better mapping capabilities and because of their
ability to model the second order displacements field, second order
tetrahedral elements are used for the vast majority of analyses with
COSMOSWorks. even though second order elements are more
computationally demanding than first order elements.

Analogous to first order solid elements, first order triangular shell
elements model the linear displacements field and constant strain and
stress along their faces and edges. The edges of first order shell element
are straight and must remain straight while the elements deform.*

Each first order shell element has

three nodes (all in corners) and

each node has six degrees of /_
freedom, meaning that its

displacements are fully described

by three translation components ‘/

After
deformation

and three rotation components, Before

: : deformation
If we represent the elbow with a

mid-plane surface and mesh this
surface with first order shell elements, note the imprecise mapping to
curvilinear geometry.

11
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This result resembles the previously demonstrated result of first order
elements mapping imprecisely to curvilinear geometry.

Analogous to first order solid elements shown before, these shell
clements are too large for any real analysis. In the illustration, difTerent
colors are used to differentiate the element top (brown) and bottom
(green). The orientation and colors are arbitrary and can be changed by
“flipping” the shell elements. They do not refer, in any way, to model
orientation or model geometry.

Second order (high quality) triangular shell elements model the second
order displacements field and the first order (linear) stress field.

Each second order shell element
After

has six nodes: three corner nodes Hetarmhation
and three mid-side nodes. The ﬁ

edges and faces of second order

shell elements can assume J

i e . Before

curvilinear shapes in the meshing Aaforstion

process when the elements need to

map to curvilinear geometry and/or

during the deformation process when the elements deform under a load.

This shell element mesh created with second order shell elements maps
precisely to curvilinear geometry as illustrated again with the elbow
model.

Finite Elements
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While convenient to show element mapping capabilities, the element
size is too large for analysis, even though second order shell elements
require less refined meshes as compared to first order shell elements.

Contrary to the first order solid and shell elements, two-node beam
elements model the two out-of-plane deflections as cubic functions and
the axial translations and torsional rotations as linear. The shape ol a
two-node beam element is initially straight, but it can assume the shape
of a cubic function after the deformation takes place.

Each two-node beam element After
features six degrees of freedom at ,\ deformation
each end node: three translations o— o

and three rotations. ' \
The same mesh mapping Before

considerations that apply to the first ~ deformation

order solid and shell elements apply
to a two-node beam element as well.

Certain classes of shapes can be modeled using either solid or shell
elements, such as the elbow discussed earlier. The selection of element
type: tetrahedral solid or triangular shell, used for modeling may
depend on the objective of the analysis. More often, however, the
nature of geometry dictates what type of element to use for meshing.
For example, parts produced by casting lend themselves to be meshed
with solid elements, while a sheet metal structure is best meshed with
shell elements.

A hollow plate, featured in the next chapter, can be meshed with either
solid elements created by meshing solid geometry or with shell
elements created by meshing mid-surface.

First order elements, both solids and shells, should be used only for
preliminary studies with specific objectives, such as verifying
directions of loads or restraints, or calculating reaction forces.

The studies ready for the final computations (where the correct setup
has been verified by using the Draft elements, for example) and the
studies where a stress distribution is of any interest (especially in the
through-thickness direction) should be modeled using High quality
elements.

13
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The degrees of freedom (DOF) of a node in a finite element mesh
define the ability of the node to perform translation or rotation. The
number of degrees of freedom that a node possesses depends on the
type of element that the node belongs to. Nodes of solid elements have
three degrees of freedom while nodes of shell elements have six
degrees of freedom,

In order to describe transformation of a solid element from the original
to the deformed shape, we need to know only three translational
components of nodal displacement for each node. In the case of shell
elements, we need to know, not only the translational components of
nodal displacements, but also the rotational displacement components.

Consequently, built-in (or rigid) constraints applied to solid elements
require only three degrees of freedom to be constrained. The same
constraints applied to shell element require that all six degrees of
[reedom be constrained. Failure to constrain rotational degrees of
[reedom may result in unintentional hinge support in place of the
intended rigid support.

Each degree of freedom of each node in a finite element mesh
constitutes an unknown. In structural analysis, degrees of freedom
assigned to nodes can be thought of as nodal displacements.
Displacements are primary unknowns and are always calculated first.

['solid elements are used, three displacement components, or three
degrees of freedom (three unknowns) per node must be calculated.
Using shell elements, six displacement components, or six degrees of
freedom per node (six unknowns) must be calculated. All other aspects
of the analysis, such as strains and stresses, are calculated based on the
nodal displacements. In fact, some FEA programs offer solutions with
stress calculation as an option, not a requirement.

In a thermal analysis (which determines temperatures, temperature
gradients, and heat flux), the primary unknowns are nodal
temperatures. Since temperature is a scalar value, unlike displacement,
which is a vector, then regardless of what type of elements are used,
there is only one unknown (temperature) to be found for each node in
the thermal analysis model. All other results available in a thermal
analysis are calculated based on those nodal temperatures,

The fact that there is only one unknown to be found for each node
rather than three, or six as is the case in structural analysis, makes
thermal analysis less computationally intensive than structural analysis.

The results of FEA are provided either in the form of displacements,
strains and stresses for a structural analysis or in the form of
temperatures, temperature gradients, and heat flux for thermal analysis.
We now focus on the more intuitive structural analysis. How do we
decide between a “passed” or a “failed” design?

Degrees of Freedom
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To answer these questions, we need to establish some criteria to
interpret FEA results, be they, for example, the maximum acceptable
deformation, maximum stress, or the lowest acceptable natural
frequency.

While displacement or frequency criteria are quite obvious and easy to
establish, stress criteria are not,

Assume that we conduct a stress analysis in order Lo ensure that stresses
are within an acceptable range. To assess stress results, we need to
understand the mechanism of potential failure. If the part breaks, what
stress component is responsible for that failure?

Discussion of various failure criteria is beyond the scope of this
manual. Any book in the field of the mechanics of materials provides
information on this topie. Here we limit our discussion to outlining the
differences between von Mises stresses and the principal stresses,
which are both common stress measures used for evaluating structural
safety.

Von Mises stress, also known as Huber
stress, 18 a stress measure that accounts
for all six stress components of a = :
general 3D state of stress. . 1

Tz

Two components of shear stress and Ta v
one component of normal stress act on -
each side of an elementary cube. Due to O
equilibrium requirements, the general
3D state of stress is characterized by
only six stress components because of
equalities:

G R %
xy Lowr Tz Toyr Tyz fry

The von Mises stress equation can be expressed by stress components
that are defined in a global coordinate system as:

e 2 2, 2 z 2
G—(,‘.l. = w'ln'n [(”:1—_ (I1) I (U] "73) i (U:_ (71) ]+ ;(TH y r_l': ! T:.\'}

Interpretation of FEA Results 15
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The state of stress can also be described by three principal stress
components: o, o,. &; whose directions are normal to faces of an

elementary stress cube.

T

<,

T,

Von Mises stress is then expressed as:

o = N'Ilf}-j[(o‘,: = U}JJ * ((7_\— (7,;)3 ¥ {ﬁ_g— ff-—]-j]

o /

Note that von Mises stress is a non-negative, scalar value. Von Mises
stress is a commonly used stress measure because the structural safety
of many engineering materials showing elastoplastic properties, such as
steel, is well deseribed by von Mises stress magnitude.

For those malerials, the yield factor of safety or the ultimate factor of
safety can be calculated by dividing von Mises stress by the yield stress
(also called yield strength) or by the ultimate stress (also called
ultimate strength) of the material.

In COSMOSWorks, principal stresses are denoted as P1, P2, and P3.

P1 stress which is usually tensile, is used when evaluating stress results
in parts made of brittle material, whose safety is better related to P1
than to von Mises stress. P3 is used to examine compressive stresses
and contact pressure.

Interpretation of FEA Results
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Internally, COSMOSWorks uses the International System of Units
(S1). As COSMOSWorks users, we are spared much confusion and
trouble with systems of units. Data may be entered in three different
systems of units: SI, Metric, and English. Similarly, results can be
displayed any of those three systems of units. The available systems of

units are summarized in the following table:

> (SI) (MKS) (IPS)
Mass ke kg Ib.
_Length m cim in.
Time s E] 5
Force N kgl Ib.
Mass density kp/m? kg/em? Ib./in?
Temperature °K i oF

With any FEA software, we need to take advantage of its strengths as
well as work within its limitations. Analysis with COSMOSWorks
Designer is conducted under the following assumptions:

B material is linear
m  deformations are small
m loads are static

These assumptions are typical of the FEA software used in the design
environment, and the vast majority of FEA projects are run

successfully within these limitations.

For analyses requiring nonlinear material, nonlinear geometry, or
dynamic analysis, tools such as COSMOSWorks Advanced
Professional can be used. Some dynamic analysis capabilities are also
included in COSMOSWorks Professional, which features frequency

analysis and drop test functions.

COSMOSWorks also features a geometrically nonlinear solver to
compute large displacement problems. However, because only a
default set of the parameters for the nonlinear solver is available, the
applicability of this COSMOSWorks Designer feature is limited. For
full scale nonlinear problems (both the geometry and materials),
COSMOSWorks Advanced Professional suite must be used.

17
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In all materials used with COSMOSWorks Designer, stress is linearly
proportional to strain.

Linear
3] Material
w2
w
X
=
o
Nonlinear
Material
STRAIN
Using a linear material model, the maximum stress magnitude is not

limited to yield or to ultimate stress as it is in real life.

For example, in a linear model, if stress reaches 100,000 psi under a
load of 1,000 Ib., then stress will reach 1,000,000 psi under a load of
10,000 Ib. 1,000,000 psi is, of course, a ridiculously high stress value.

Material yielding 1s not modeled. Whether or not yield, in fact, takes
place can only be interpreted based on the stress magnitudes reported in
results.

Most analyzed structures experience stresses below yield stress, and the
factor of safety is most often related to the yield stress.

Therefore, the analysis limitations imposed by linear material seldom
impede COSMOSWorks Designer users.

Any structure experiences deformation under load. In COSMOSWorks
Designer, we assume that those deformations are small. What exactly is
a small deformation? Often it is explained as a deformation that is
small in relation to the overall size of the structure.

“

Small deformations

Large deformations

The preceding figure shows a cantilever beam in bending with small
deformations and large deformations.

Limitations of COSMOSWorks Designer
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If deformations are large, then the COSMOSWorks Designer
assumptions generally do not apply, even though COSMOSWorks
Designer has some large displacement analysis capabilities, which we
will discuss towards the end of this volume.

Other analysis tools, such as COSMOSWorks Advanced Professional
must be used to analyze this structure.

Note that the magnitude of deformation is not the deciding factor when
classifying deformation as “small” or “large”. What really matters is
whether or not the deformation changes the structural stiffness in a
significant way.

Small deformation analysis assumes that the structural stiffness
remains the same throughout the deformation process. Large
deformation analysis accounts for changes of stifThess caused by
deformations.

While the distinction between

small and large deformations is
quite obvious for the beam, it ,,f”—_“_\./

18 not at all obvious, for \
example, for a flat membrane

under pressure.

Pressure

For a flat membrane, initially
the only mechanism resisting
the pressure load is that of

o 41t 11 L4 41 ]l
bending stresses. 1 J’—k

During the deformation
process, the membrane acquires membrane stiffness in addition to the
original bending stilTness.

The stiffness of the membrane changes significantly during
deformation. This change in stiffness requires a large deformation
analysis, using tools like COSMOSWorks Advanced Professional.

All loads, as well as restraints, are assumed not to change with time.
This limitation implies that loads are applied slowly enough to ignore
inertial effects. Dynamic loading conditions cannot be analyzed with
COSMOSWorks Designer.

While all loads, in reality, change with time, modeling them as static
loads is most often acceptable for the purpose of design analysis.
Gravity loads, centrifugal forces, pressure, bolt preloads, and so on can
be successfully represented as static loads.

Dynamic analysis is generally required only for fast-changing loads. A
drop test or vibration analysis definitely require that we model dynamic
loads.

Limitations of COSMOSWorks Designer 19



COSMOSWorks Designer 2007 Training Manual
Introduction to FEA

Summary This short review of FEA fundamentals is not, of course, “all
inclusive™. It is only intended to get us started with the hands-on
lessons. As we progress through lessons presented in the following
chapters, we will occasionally digress from software-specific issues in
order to discuss relevant FEA fundamentals.

20 Summary
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Objectives

Lesson 1
Static Analysis of a
Rectangular Plate with a Hole

Upon successful completion of this lesson, you will be able to:

Navigate the COSMOSWorks interface
Execute a linear static analysis using solid elements

Understand the influence of mesh density on displacement and
stress results

Employ various methods to present FEA results
Manage COSMOSWorks result files

Access available help and assistance

21
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Static Analysis of a Rectangular Plate with a Hole

Project
Description
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The first in our series of COSMOSWorks Designer lessons is a very
simple model of a rectangular hollow steel plate that is supported and
loaded as shown. Working with this model {amiliarizes us with all the
steps and the majority of the soflware functionality typically used in a
static analysis of solid models.

In spite of its simplicity, this is probably the most important lesson in
the COSMOSWorks Designer volume. This lesson walks you through
all required steps; however, after the lesson is complete, we encourage
you to explore other software functionality and other modeling
assumptions, such as different material properties, loads, restraints, and
SO on.

The rectangular plate with a
hole is fixed at a short-end

face. A 25,000 Ib load is . .
uniformly distributed along ll |
the other end face. o

In addition to learning
COSMOSWorks Designer
functions, our objective is
lo investigate the impact of different mesh densities on the results.
Using FEA terminology, the objective is to investigate the effect of
different discretization choices on the data of interest, in our case, on
deformation and stress.

W

Therelore, we perform the analyses using meshes with different
element sizes. Note that repetitive analysis with different meshes does
not represent standard practice in FEA. We repeat the analysis using
different meshes as a learning tool to gain more insight into how FEA
works.

Open part.
From the SolidWorks window, open the part named rectangular
nollowplate. Review the dimensions of the model and note down
the length, width, and thickness of the part in millimeters.

Start COSMOSWorks.
Verily that the COSMOSWorks option is selected in the add-in list.

To start COSMOSWorks, click the R @
COSMOSWorks Manager tab. grmmwpﬁk

Project Description
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Menu Structure

JENENPRRSESRFEEPR———————I—SSSSS——

COSMOSWorks
Options

rm——

4

COSMOSWorks Options

To create an FEA model, solve the model, and g FRie @
analyze the results, we use a graphical interface  § reangusr hoow e

. . N . a=r
in the form of icons and folders located in the - ol

COSMOSWorks Manager window. = @ mesh 1 (-Defoult-)

* gfdds

ey Hida &1
Show All

B f
E L Precoure...
‘_L Force..,

However, you can achieve the
same results by making the
appropriate choices in the

. llvaaq
COSMOSWorks menu. To open g of F
the menu, click COSMOSWorks, | - i prefae..

i : . Eﬁ 5 _L Fores...
from the Main toolbar in the VT e =

SolidWorks window,

il - E®

In the following text, we will use the COSMOSWorks Manager user
interface to access the menu.

B T . ]

Before we create the FEA model, let us review the Options in
COSMOSWorks menu.

Open Options window.

Right-click the part icon in the r R e®

COSMOSWorks Manager window and QW

select Options. ’}I;:-‘; Bebvisor...
Coimgare Test Data,,

Run Al Studies
Update Components For All Studes

Define Funcbon Curves...
Creste/Edk material kbrary. ..

w

Set default units for COSMOSWorks.

Under Default options (New Study), sclect Units. Make sure that
the Units system is set to English (IPS) and Length/Displacement
and Stress are in inches and psi, respectively.

23
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Default Options - Units

System Dptions | Defaull Opbons |
::fmmrm Lral syztem
Mesh 51 MKS)
tesiks (®) Engish [IP5)
o ) Metic (G)
Coker Chart
= Default Flots Wik
= d‘steupr.‘mﬂudy Resisks . i : . .
t -
i Tempeiahae: Celsius w
i . ad! w
@Y Frequency/Bucking Ttudy Restits Angulas velochy: tad/sec
=l @} Thermal Study Ress Shess e 3
[PaFiots

5 Set default results.
Under Default options, select the Results folder. In this lesson, the
analysis results will be created and stored in a sub-folder located in the
SolidWorks document directory.
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Default Ophions - Results

System Optans | Defau Options

Uits
Load/Restraint
Mash
Results
| = Mot
| Color Chart
= Default Flots
= df atic Study Results
Plot1
Plot2
Plotd
A Frequency|Buddng Study Results
= Qi Thermal Study Resuits
[Py piott
= QBOrop Test Study Resits
Piok1

| Flot2
| Plot3

[rafaut tnl;e.'
(5 Automatic
() Direct spatse
(I} FFEPIus

Resuls fokder
(& Solbdworks document foldes

Unide zub folder ey
(3 Uset defined

[[] Keep temporay dalabase fes

To change the resubs fuldst for an existing study, modiy the
option under the properies of the study.

Repot Foldar

(%) Resubs folder
) User defined

Tuchﬂ'gahlepmidkrhmmw,nwyh
oplion in the Raport dialog.

Under Results folder, select SolidWorks document folder.
SolidWorks document folder is the folder where rectangular
hollowplate.SLDPRT file resides in your computer.

Select the Under sub folder check box.

[n the Under sub folder box, enter results. This will automatically
create a sub folder results to store COSMOS Works results.

The Report folder (the place to store automatically created reports) is

by default the same as the Result folder.

Under Default Solver, sclect Automatic.

COSMOSWorks Options
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6 Set default plots.

Default Options - Plot - Static Plot

System Options | Dofault optiorss New Sty

Fesuts type
Hodal Stress w
= Piot
Codor chart Resuls component:
= Default plots - ;
5 d‘*st&icSthdchmks VION: von Mises stiess v
Piok1 |
Plot2
]

Still under the Default options (New Study) tab, open the Default
rlots subfolder located in the P1ct folder. This section allows you
to select default result plots to be generated after solving the analysis.
As you will shortly find out, upon completion of any static analysis,
COSMOSWorks automatically creates the following result plots:

Stress1, Displacement1, and Strain1 (identified as P1ot1 through
Plot3 in the above dialog).

You may instruct COSMOSWorks as to which plots will be
automatically created. For example, click P1ot1 under the Static
Study Results folder to see that VON: von Mises stress (Nodal
stress) plot is requested after cach static study is run.

Note To add an additional default result plot, right- =n
click Static Study Results and select - osfadpiots
Add New Plot. If desired, cach type of plot i Gt'fEﬁ;
Pled

can be stored in a user-delined lolder.

In this lesson we do not modify the default settings in the Default
plots folder.
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7 Specify color chart options.
Under the PLot tolder, select Color chart.

Default Options - Plat - Color Chart

Syatem Optiors | Detaul cptions [New Study) |

[ nks =l Display color chats
i w’“’“ Display plot detaily
| Peshon
Es el | |
| Colorchat O Ussi defined oo
= Defoul plots Honzontal from lelt: %
7 gﬁmm e Vertoal fomtop: | %
i g;nm;d ﬂ;:;g;@m it
* op Test
& ¥ Fatigue Study Results 8:‘;’?‘“
B cptmization Study Resuls O Thin
& G Noninear Study Results
User infoemakion Mumber format
(% Seienbhcle)
) Floatingll]
() Genersllg)

Ne of decimal places: B &

Codor O plicrs
Defot * I .
Moof chatcolrs. |12 2 [IFip

I [ Specily color for values above yield for vorizes piot |

Set Number format to scientific (e) and No. of decimal places to 6.
We encourage students to explore all the chart options in this dialog.

Click OK to close the Options window.

Preprocessing
8 Create study.
Creation of an FEA model always starts with the definition of a study.

The study delinition is where we enter information in COSMOS Works
about what kind of analysis we wish to perform and what mesh we
wish to use.

To define a study: Right-clickthepart ¢ & & @

icon in the COSMOSWorks Manager % e ____
- d'tPefm:Q

design tree, and then select Study. F sonsars B

Run AR Srudeas
Update Components Foe &l Stuadies

Define Function Curves..,
CreatefEdit material brary, .,
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Name the study. Any study name can be used; here FEETE

we name the study meshl.

Select Solid mesh and specify the Type of study

. mesh 1

as Static.
| B sokd mesh v

Click OK. b A
R sax

) ER g : £ e I . i
When a ‘sludy 1s defined, COSMOS\M)rks  RFR e @
automaltically creates a study folder (named, in  Rreasgdor hotow piste
s . . & dh?
this case, mesh1) and places several icons in 1t. ’:;,::m
) = @ mesh 1 (-Default-)

Note that some of the icons are folders that - sobs

= : 1 = Wy rectangular hollow plate

contain other 1cons. D) Bod 1(Cut-Extrudel)
18 LoadjRestrant
[l Design Scenarko
W8 Contact/Gaps (-Global: Bonded-)
%) Mesh
[@Ireport

In this lesson, we use the Solids = dfmesh i (Default)

o & - : = Fhsoids

folder to define z_and assign 20 s oo b

material properties, the Load/ QLEWEW

Restraint folder to define I Design Scenarkc Treat s Retmote Mass...

loads and restraints, and the Mesh
icon to create the finite element
mesh,

B Mesh
"H|Report

TR Contact/Gaps (-Global: o Detals...

Copy

The Design Scenario and Report folders are not used in this
lesson, nor is the Parameters icon, which is automatically created

prior to study definition.

Note that there is only one component, named rectangular

hollow plate, inthe Solids folder.

[ an assembly (and not a part) is analyzed, then the Solids folder
contains as many components as there are parts in the assembly.

We can assign material to the model in either the SolidWorks or the

COSMOSWorks window.

If a material was assigned in the SolidWorks window, then the material
definition will be transferred automatically to COSMOSWorks.

In this lesson, we assign material to the part in the COSMOSWorks
window, nol because this is the preferred way, but to demonstrate this

option.

e
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Note
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9 Assign material properties.

Do one of the following to select a material and assign properties to the
part;

m Right-click the So1ids folder and select Apply material to all.

m Right-click the rectangular hollow plate icon, which is
located in the Solids folder and select Apply material to all
bodies.

] RighL-C]iCk the Body 1 iL‘O]’l, = @ mesh 1 (-Default-)

which is located in the 1 ?;&fmmmﬂc
Solids, rectangular - Eﬂlﬂmﬁm
hollow plate folder and I Desion Scenario Toaes B Rante K.
select Apply/Edit Material. %:::hmmcm: g = o

@] Report Copy

The first method assigns the same material properties to all components
in the model. The second method assigns material properties to one
particular component and all the multi-bodies associated to the
component. The third method assigns material properties to one
particular body: in this lesson, the rectangular hellowplate.
Because we are not working with an assembly but with a single part
which contains only one body (i.e. this is not a multi body part) any of
the above three ways of material assignment can be used.

In the Select material source area, select From library files for the
material source. Note that we may choose between SolidWorks
materials library and Cosmos materials library.

Select solidworks materials and assign AlSI 304 from the
Steel folder.

Mogbonchuee | Propeites | Tables & Curves | Fatigue SN Curves|
O Use Solidwiosks matesidl | ypoieinl Prosenies
() Custom defined Model Type: L"“Elaﬂi:lw 3
() Center Bbrary
(%) Fiom Ry fes Urie
+ sobdwiorks matenals ¥
2 - 1
=@ Stesifil) A s
O AN 1020 d1l]
B AISI304 Description. | E
B Aoy Steel
B CastélloyS | | Property | Descrpbon Vaue  Unis Temp Dependency
[ Cast Carbor [ (=3 Elastic moduks 275511707 psi Constant
[@ Cast Stainle | MUY Pomson's rstio W2 MA Constant |
B Chiome Sis | |axY Shear modhdus 1087783033 pai Constant -
B Gahvarized DENS Mass deraity 02650183052 /"3 Constant |
B Plain Carbor | |5IGRT  Tenale shength 74386.97605 Pl Conatant
B ‘Wiought St SIGXC  Compressive shength pei Conslant
+ @ lonfd) SIGYLD  ‘Yield stength 294 MMI pa Congtant
& B Almioen Al ALPX Thirmal expansion e Tg-m Y fFahvenheait M
& @ Diher Adoys (3] K Themal conduciivly ‘0.0002138960013  BTU/n s F] ‘Constant
W W oo and e 2 C Specilic heat 01134457716 BuulF]  Constant
€ > ST
[ ok ] [ cones | Help
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Note that the required material constants are in red font. The constants
shown in blue font may be required if specific load types are used (for
example, the Temperature load would require the Thermal expansion
coefficient).

Click OK.

Note Note that the rectangular hollowplate iconinthe Solids
folder now displays a green check mark and the name of the selected
material to indicate that a material has successfully been assigned.

10 Define Fixed Restraints.

Right-click Load/Restraint and select = ¥ mesh 1 (-Default-)
i & " sobds
Restraints. L e
WO o
B

Bve dw
L_mR! kil Pressyre..,

Rotate the model and select the face to apply restraints. All view
functions, including rotate, pan, and zoom, work as they do in the
SolidWorks interface.

Note that the SolidWorks FeatureManager menu (we call it Flyout
FeatureManager) is available in the upper left corner of the model
window, but we do not use it at this time.

In the Type box, select Fixed, and then select the check box (OK) to
close the Restraint PropertyManager.

‘%:. %o @ M i ?imu;\-ﬁw”.
o Restrant (EETETSEAEARR
- (8] Seid Bodes(1)

42 material crot specfied=

Note that each boundary condition can be renamed to help us decipher
the meaning later on.

Use Window’s standard click-inside technique (o rename = 8 tosdmestrant
. - % i 5 g Flxed
this restraint to Fixed side. e vaapsing
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Restraint Types

30

Restraint symbols are displayed on the
face where they have been applied.

We select Fixed as the restraint type,
meaning that all six degrees of freedom
(three translations and three rotations)
have been restrained.

The restraint symbols feature arrows to
indicate translational restraints and discs
to indicate rotational restraints in
respective directions. In this lesson, the restraints are defined by the
directions of the global coordinate system visible in the lower-left
corner of the model window.

If, instead of selecting Fixed as the type of
restraint, we selected Immovable, then the
rotational degrees of freedom would not
be constrained and the corresponding
restraint symbols would feature only
arrows, not discs.

Because we are using solid elements
(remember that we specified Solid mesh
in the study definition) which do not have
rotational degrees of freedom, both the Fixed or Immovable options
yield the same restraint condition.

Before proceeding with the remainder of the lesson, we will review the
available options in the Restraint PropertyManager:

Restraint Type Definition
Fixed Also called a rigid support, all translational
and all rotational degrees of freedom are
constrained.

Fixed restraints do not require any
information on the direction along which
restraints are applied.

Immovable Only translational degrees of freedom are
(No translation) constrained, while rotational degrees of
freedom remain unconstrained.

If solid elements are used, Fixed and
Immovable restraints have the same effect
because solid elements do not have rotational
degrees of freedom and only translational
degrees of freedom can be constrained.

Preprocessing
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Restraint Type

Definition

Symmetry

Roller/Sliding

Hinge

This option is available for use on flat face;
in-plane displacements are allowed and
rotation in the direction normal to the plane is
allowed.

Use the Roller/Sliding restraint to specify that
a planar face can move freely in its plane but
cannot move in the direction normal to its
plane. The face can shrink or expand under
loading.

Use the hinge restraint to specify that a
cylindrical face can move only about its axis.
The radius and the length of the cylindrical
face remain constant under loading.

Use reference
geometry

This option restrains a lace, edge, or vertex
only in desired direction(s), while leaving the
other directions free to move. You can specify
the desired direction(s) of restraint in relation
to the selected reference plane, axis, edge, or
face. The SolidWorks Flyout FeatureManager
is uscful for selecting reference geometry
(plane and axis).

On flat face

This option provides restraints in selected
directions, which are defined by the three
principal directions of the flat face where
restraints are being applied.

On cylindrical
face

On spherical face

This option is similar to On flat face, excepl
that the three principal directions of a
cylindrical reference face define the directions
in a cylindrical coordinate system; this option
is very useful because you can apply a
restraint that allows for rotation about the axis
associated with the cylindrical face.

Similar to On flat face and On cylindrical
face; the three principal directions of a
spherical face define the directions of the
applied restraints in a spherical coordinate
system.

Cyclic symmetry

This option is used (o restrain segments
which, il periodically revolved around a
specified axis of revolution, would form a
rotationally symmetrical body.

Preprocessing
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Having defined restraints, we have fully fixed the model in space.
Therefore, the model cannot move without elastic deformation. In FEA
terminology, we say that the model does not have any rigid body
motions or that it does not have any rigid body modes.

11

Display/hide restraint symbols.
Restraint symbols can be displayed or hidden by doing one of the
following actions:

m  Right-click Load/Restraint and select Hide All or Show All.

m  Right-click the restraint symbol for cach restraint individually, and
then select Hide or Show.

m Sclect or ¢clear the Show Preview check box in the Restraint
PropertyManager used to deline the respective restraint.

wrma

Size and color of
restraint symbols

The size and color of restraint symbols can be
controlled both locally and globally

The load settings of the restraint symbol is
controlled from the Symbol settings dialog in |

the Restraint PropertyManager. FL |-

| [#] Shows preview

|Symbolsettings A
| _
[l | 100 =

The global definitions for all the restraint symbols can be controlled
under COSMOSWorks Options in the Load/Restraint folder.

Default Options - LoadMestraint

| System Dpbons | Delaud optices (New Study) | = SRS |
E' = Tgm— A— — ‘}yn’tcll:lz:
; Symbol sze 100 3 |
i Resuls
[ = Pt : 9,
: Color chart o S00%
| = Defauk plots
! = ‘t‘.&ﬂml z Symbol colors B
| Plokz CEET S
| Plet3 | Pressume
| i Pkt Foce
|4 Remote LosdsMase
(i QY Frequency/Buding Rudy Resuks |Boarg Loads
I = @fl Thermal Study Resuks | Granty
| : Bupitt il:t:n'ﬂ-!cnm
= GRiDrop Test Study Resuks |
I Pt | e ik "
| Platz L0 b i Pl
| Plot3
| = cf¥Fabgue Study Resuls
[ Piok1 [ Prevaews symbols by detansh, when defiing loads, restraits and
| Ptz mesh conlrol

1= e s e
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Define Force.
Rotate the model to reveal the face where the 25,000 1b. tensile force is
applied and select this face.

Right-click Load/Restraint and select = .:t'gmfd-uwm-:
+ Sokds

Force to list the available options for " 14 pmpe——
v - . 1 , Hacha: Al
defining loads. This action opens the Force -ﬁﬁx lusily
Design
PropertyManager. 8 Contoc o pestraints...

Wmesh Ll pressure...

e | T
PR

0 rectanguiar hodow plake

In the Type area, sclect Apply normal force, in the Units dialog make
sure that English (IPS) is selected, and in the Normal Force/Torque
box, type 25000.

Select the Reverse direction check box. This is required to define a
tensile force. Clearing the Reverse direction check box would result
in a compressive force.

When defining a normal force we do not need to use any reference
geometry. Load direction is sufficiently defined by the orientation of
the loaded face when Apply normal force is in effect.

Select the Force check box (OK) to close the Force PropertyManager.

Similarly, as we did in the case of the fixed restraint, - 4*mesh1 (Defaur-)

rename this force definition to Tensile force. . Emﬂmﬂ
¥ Fived side
*iTensquu'r.ei

Display/hide force symbols.

The model now shows both loads and restraints symbols, which can be
displayed or hidden by doing one of the following actions:
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m Right-click a particular restraint or load icon in the Load/
Restraint folder and choose Show.

m Right-click the Load/Restraint [older to globally display or
hide loads and restraints and choose Show All.

m Select or clear the Show Preview check box in the Force
PropertyManager used to define the respective force

= == ERmm——

Force Options

34

EE———— e S——— =

Let us review the other options that are available for Force definition.
Generally, forces can be applied to faces, edges, and vertices using
various methods.

Force Type Definition
Apply force/ This option applies a force or moment (o a
moment face, edge, or vertex in the direction defined

by selected reference geometry (plane, edge,
face, or axis).

Note that a moment can only be applied if
shell elements are used. Shell elements have
six degrees of freedom per node (translations
and rotations) and can assume a moment load.
Solid elements have only three degrees of
freedom per node (translations only) and.
therefore, cannot assume a moment load
directly,

If you need to apply a moment to solid
elements, it must be represented by
appropriately distributed forces, or remote

loads.
Apply normal Available for faces only, this option applies
force load in the direction normal to the selected
face.
Apply torque Best used for cylindrical faces, this option

applies torque about a reference axis using the
Right-hand Rule. This option requires that the
axis be defined in the SolidWorks.

The presence of a load is indicated by arrows symbolizing the load and
by the corresponding icon, Tensile force,inthe Load/
Restraint folder.

To familiarize yourself with this feature, right-click the Fixed side
and Tensile icons to examine the available options.

Preprocessing
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Geometry
Preparation

Material Properties

Load Definition

Restraint Definition

Idealizations and
Assumptions

Preprocessing
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Now that we have assigned the material properties, loads, and
restraints, we have fully defined the mathematical model, which we
intend to solve with FEA.

The mathematical model must be discretized into a finite element
model. Before creating the finite element model, let us make a few
observations about the following terms:

m  Geomelry preparation
m  Material propertics

m Load definition

m Restraint definition

Geomelry preparation is a well-defined step with few uncertainties.
Geometry that is simplified for analysis can be checked visually by
comparing it with the original CAD model.

Material properties are most often selected from the material library
and do not account for local defects, surface conditions, and so on.
Generally, material definition has more uncertainties than geometry
preparation.

ILoad definition, even though done in a few quick menu selections,
involves many background assumptions becausc in real life, load
magnitude, distribution, and time dependence are often known only
approximately and must be roughly estimated in FEA with many
simplifying assumptions. Therefore, significant idealization errors can
be made when defining loads. Nonetheless, loads can be expressed in
numbers, which makes loads easier for FEA users to relate to.

Delining restraints is where severe
errors are most often made. A
common error is over-constraining the
model, which results in an overly stiff
structure that underestimates ‘ ‘

deformations and stresses. ‘—
The relative level of uncertainties in —
o . Geometry Material Loads Restraints
defining geometry, material, loads,
and restraints is qualitatively shown.

Geomelry is the casiest to define while restraints arc the most difficult,
but the level of difficulty has no relation to the time required for each
step, so the message in this bar graph may be counterintuitive. In fact,
preparing CAD geometry for FEA may take hours, while defining
material, and applying loads and restraints involves only a few mouse
clicks,

In all examples here, we assume that material properties, loads, and
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supports are known with certainty, and that the way they are defined in
the model represents an acceptable idealization of real conditions.
However, we need to emphasize that it is the responsibility of the user
of the FEA software to determine if all those idealized assumptions
made during the creation of the mathematical model are indeed
acceptable. The best automesher and the fastest solver do not help if the
mathematical model submitted for analysis with FEA is based on

erroneous assumptions.

36

Set mesh options and generate mesh.

The model will meshed using High quality elements.

Right-click Mesh and select Create Mesh.

[n the Options dialog, under Quality, select
High.

The difference between High and Draft mesh
quality is that:

m  Draft quality mesh uses first order elements.

m  High quality mesh uses second order
¢lements.

The differences between first and second order
elements are discussed in Element Tipes
Available in COSMOSWorks in the Introduction
fo FEA chapter.

Make sure that the default Element size of
0.225 in and Tolerance of 0.011 in are
specified.

We will review the other mesh options as we
proceed with the class.

Click OK to generate the mesh.

= :
e & ST
et Mash and Run

v) X2

| Mesh Parameters: i

B |n v
B (0225748 win

B nonzeesis v

Emmwmm

[_]Run analysts after meshing

| Options: 2

Qualty
) praft
(& Hgh
Controls:
] Awktomatic transiion
[Z] smooth surface
Loaping:
[ uomatic looping
B
B 0B

B os
Jacoblan Check:
[¥] Solids
B |4 pcints v
Mesher to use:
() Standard
() Alternate
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The mesh appears after mesh
generation is completed.

The Mesh icon in the
COSMOSWorks Manager
window now displays a green
check mark to indicate that

meshing has been successlully
completed.
A
Meshing let us review the Mesh parameters dialog (see the figure on the

previous page) in more detail. This dialog offers a choice of element
size and element size tolerance.

Mesh Size The suggested medium mesh density of 0.225 in. is the delault that
COSMOSWorks proposes for meshing our rectangular hollow plate
model.

The element size of 0.2253 inch and the element size tolerance of 0.011
inch are established automatically, based on the geometric features of
the SolidWorks model. COSMOSWorks uses inches for the element
size because the units of length are inches in the SolidWorks model.
Remember, however, that we can enter analysis data and analyze
results in any one of three unit systems: SI, Metric and English.

The 0.2253 inch size represents the characteristic element size in the
mesh and is defined as the diameter of a sphere circumscribing the
element (on the left in the following figure). This representation is
easier to illustrate with the 2-D analogy of a circle circumscribing a
triangle (on the right in the following figure).

o -"\ “"-,‘.,_
# “, o
s/ \ . ~ // \.
| \‘ - \
| .\
l : -
L B I ,"/ \ ||I
\ = p =\
¥, y
\\ . A
e o . ,

Mesh density directly affects the accuracy of results. The smaller the
elements, the lower the discretization errors, but the longer the meshing
and solution times.

Meshing 37
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Tolerance

e

Postprocessing
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16

In the majority of analyses with COSMOSWorks, the default mesh
settings produce a mesh that provides acceptable discretization errors
while keeping solution times reasonably short.

This field sets the tolerance in the global size of finite elements. The
default value is equal to 5% of the global element size. In some
instances, when the mesher fails to mesh the model. increasing the
tolerance may help.

Display/hide mesh.
Mesh visibility can be controlled by right-clicking Me sh. and then
doing one of the following:

B Select Hide Mesh.
m  Seclect Show Mesh.

Run the analysis.
Right-click the study icon, meshl and

select Run. > % sads

-—Kmm‘ Run Design Scenaric

You can monitor the Linear Static V2.91(2005/135) - C:\...\rectangula... [= |7 [X]

solution progress in the
k i Iterative Solver
solver window while the ST L = e T IS G Sae v
4 N . § G |
analysis is running. | Nocks - 2131 Elemenis: 997 DODF 6240
m;ﬂ iy 0 i J!-v——-‘. - ..._.__...._ ........... =
100% Completed
|
Stop | Pause | Elspred Time 000001
——————— e

e —— — - e

After the analysis is complete, COSMOSWorks automatically creates
the Results folder with the default results plots that we specified at
the beginning of the lesson: Stressl (-vonMises-),
Displacementl (-Res disp-),and Strainl
(-Equivalent-).
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Plots Each result p!ot can be displayed by doing one g 5118 & @
of the following: R rectangular hollow plate
g:;P&ameters
m Double-click the desired plot icon 7 sensces
= * mesh 1 (-Default-)
(Stressl, for example). - O sk
: . . H B gfﬂmmwa
m  Right-click the desired ploticon (Stressl, Deosy 10 Extrude1) (
- = 18 Losd/Restrant
for example) and select Show under any o Fixed side
4 Tensis for
folder. iy
While a plot is active (appears in the model g.ﬂ AR e
window.) you can right-click th.e plot icon again I ﬂ”‘”‘“t
to examine the plot control options. [ Stress1 (-vonsises-)
[ Displacement! (-Res disp-)
¥ straind (-Equivalant-)

17 Show and Edit Stressl (-vonMises-) plot.
Double-click on Stressl (—-wvonMises-) under the Results
folder to display the plot.

Notice that the stress plot is in psi units and the legend features
scientific numbers with six digits, just as we requested in the Options
at the beginning of the lesson.

wen Mizes (psi)

B.0741B4a=004

| 27205274004
L 224143384004

- 1762558004

L 1.2832458+004
I 804151 Bee 003
32505800003

— b ik strangth 2 99948204004

We observe that the maximum value of Von Mises stress is 60.7 ksi.
which significantly exceeds the yield stress of the material, 29.99 ksi,
indicated by the red marker in following the chart.

To edit this plot, right-click on Stressl = [ Results
(-vonMises—) and select Edit definition. o I

Displac
Esuml-w
P Animate
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The Display dialog lets the user specify a stress
component, units, and the type of plot. Also,
you can choose to plot either Node or Element
values (see discussion below on node and
element values).

The Deformed Shape dialog lets the user
specity the deformation scale for the plot.
Automatic (default), True scale, and Defined
(user specified) scale options are available.

Students are encouraged to experiment with
these options.

Click OK.

O rue scale
O Defined:

—

Nodal vs. Element

Stresses

40

As mentioned above, the Edit Definition dialog lets the user choose
between the nodal and elemental quantities. The following figures
show the nodal and elemental values of the Von Mises stress for our

model.

MNodal Stress

JETET14e+004
199671 6+004
272052704004
224143 3e+004

- 1 TE2339e+004

Lt 2EEesee00q

I 8.04151 Sae 3

3 250550m+003

— Yiekd sirngth 2 S99482e4004
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won Mzes (pai)

5 ASBe+ 004

I 5 04084004
462264004

- 4 0He 004
. 3 TESe+004
: 33500004
2.950n (04

25320004

. 2714e+004

L 1 G9Ge-+ D04

| 1.276e+004
Elemental Stress = I gy

401 T D03

i Vield strengitc 2 999e+004

The stress plot that displays Nodal values appears “smooth”, while the
stress plot that displays Element values appears “rough”.

To understand the reasons for these different appearances, we need to
explain the differences between nodal and element stresses.

During the solution process, in each element, stress results are
calculated at certain locations called Gauss points. First order
tetrahedral elements (draft quality) have one Gauss point in their
volume. Second order tetrahedral elements have four Gauss points.
First order shell elements have one Gauss point. Second order shell
elements have three Gauss points.

Stresses in (Gauss points can be v T |
extrapolated to element nodes. Most o Gaussian points

often, one node is shared by several
clements, and each element reports
different stresses at the shared node.
Reported values from all adjacent
elements are then averaged to obtain a
single value. This method of stress
averaging produces averaged (or nodal)
stress results.

Alternately, the stress values trom all Gaussian points within each
element can be averaged to report a single elemental stress. Although
these stresses are averaged between Gauss points, they are called non-
averaged stresses (or element stresses) because the averaging is done
internally within the same element.
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Element stresses and nodal stresses are always different, but too large a
difference indicates that the mesh is not sufficiently refined in that
location. (See Exercise 1 for the practical use of these quantities.)

e e P —

18

19

20

Modify chart in stress plot.
To modify the chart, right-click on Stressl (-vonMises-) and
select Chart Options.

Notice that the chart is framed in red. You can now drag the chart to
any location on the plot.

Check Show min annotation and Show max annotation boxes Lo
show the markers in the plot.

Note that you can also modify the limiting values in the chart, format of
the numbers, and the color options.

Click OK to save new settings.

Drag chart to new location

|oisptay ptioms =]

e sy arrctation
| s i arvtaton
[l shwr plx. detais
[Elshow ingand

Modify settings of stress plot.
Right-click on Stressl (-vonMises-) and select Settings.

We encourage that students explore the Fringe, Boundary, and
Deformed plot options in this dialog.

Create section plot.
In many applications it is useful to cut the model and look at the
distribution of the result quantity in the through-thickness direction.

Postprocessing
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Right-click on Stressl (-vonMises-)
and select Section Clipping.

= Oyl Results
o
-l
E‘Cﬂﬂ\ Edit Definition, ..
B fnimate...
“| Section E“F'i‘,f"l---
5P 120 Cloping. ™

From the Solidworks fly-out menu, select Rignht plane as a
Reference entity.

Students are encouraged to explore all the options and parameters in the
Section dialog. Note that the user can also drag the triad to easily move
the cut plane through the model.

= T roctamde oo clate

i = kel it TECIBGUES hollrey plale
?gﬂ Q-@;_, .= Al ertations sum-m;mJ .
IR < & nosor e orlianiapaddrts S

+ 1 ok bodmel 1)
&) g) ?,] £ Maberiad <ot spectiets |
ey e— L
f* Frork
BEE 2 1o |
[ esEEEEE ®
B L orgn
p 2 e + [ Extrutor
[% coodeg a < M8 et ez
E.'Dmﬂ : J“mml
A [ [
L1 sectionz._ i
Options (2]
| [F)5how section plane
| CIoket on soction ery

< Shioi Gz o) the uncut
Emdmﬂw

==3] ~j

Use the buttons and B
disable the section plot.

2] Lo control the cutting direction and to

Click OK to close the Section dialog.

Create Iso plot.
Suppose that we wish to display portions of the model where the von
Mises stress is between 25,000 psi and 40,000 psi.

Right-click on Stressl (-venMises—) and select Iso Clipping.
This opens the Iso Clipping PropertyManager.

In the Isovalue box, under the Iso1 dialog, [ Isochpping
enter 40,000 psi.
Check Iso 2 and in the Isovalue box, enter [ — -
25,000 psi. Faswe v
Click OK. -

[ ez sl

Lsorvahue
[&] |50 pei
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Note that arrows on the stress legend indicate the values defined for the
two 1so surfaces.

Please experiment with the Iso Clipping window options using
different numbers of iso surfaces and different cutting directions.

%] and ] to control the cutting direction and to reset
the plot.

Probe stress results.
Right-click on Stressl (-vonMises-) and sclect Probe.

Using the pointer, click the desired locations on the plot, It helps to
zoom in on the area.

The stress results are listed in the Results dialog table and in the plot at
the selected locations.

® I

Mode |Value (psi) [%(n) Y(in) Z(n)

11866 875404003 62469 47334 19685
10 66B4e-+004 1.3937 68191 19685
11992 1150e-+004 62463 83867 23317

i)
. ——— ' [Mods 11992 (.0.0625,-0 39,0.233 in
|Report Options i}l ~{= 502115004004 psi |

Postprocessing
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Under the Report Option dialog, you can save the results in a file. plot
the path-graph, or save the locations as sensors. (Sensors are discussed

in detail later on in the class.)

M Probe Resull

Study name: mesh 1
Plot type: Static nodal stress Stress]

BOOODy et . ...............

: 40‘300 " oo ‘ ..‘.’3,{'...

von Mizes [ps)
=

20000% FAsa A

100004+ vt/

30000+ - ........ 4 [ A= A e

B00004: -t ................. et ._,|

#11866 #10 #1992
Hoda

e yon Mises (ps]

0508547, 636642

The figure above shows a Von Mises stress path plot for the selected

locations.

Define 1st principle stress plot.

To define a new stress plot, right-click
on the Results folder and select

Define Stress Plot.

An already familiar definition dialog appears.
Select P1: 1st principle stress as the stress
component, keep all other default options,

and click OK.

B @ Define Design Check Plt. .

B Define Displacemnent PLY. .
B Define Strajn Plot...
Define Deformation Plot...,
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8.27215%+003
4 0745550000
-1 1230404+003

We observe that the maximum value of the Ist principle stress, 61.2 ksi,
15 very close to the maximum value of the Von Mises stress, 60.7 ksi.
This is because the specified Tensile load is the only dominant
load component resulting in predominantly tensile stress along the
longitudinal direction of the plate.

24 Define displacement plot.
Double-click the Displacementl (-Res disp-) ploticon.

The post processing features that we practiced in the case of Stress1
(-vonMises—) are applicable to all other result quantities, such as
Displacement.

Right-click Displacementl (-Res disp=-) and select Edit
definition. Under Units, verify that inches are selected.

Close the window.
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LRES (in)
5 BATEDe-003
I 51769748003
L A T0E3De-003
. 4. FI5T0Re-003
. 3.765072e-003
3254436003

2 B23604e.003

2353708003

- 18825360003

- 1 411900003

9,41 2580004
4 TOEHOe-004
3.9370008.032

The displacement shows a maximum resultant displacement of

0.005710 in.

We record the displacement result with 6 digits only to practice the plot
options and to compare results [rom studies with difTerent meshes. The
uncertainties and simplifying assumptions used 1o create the model do

not justify this accuracy.

Superimpose undeformed shape.

Right-click on Displacementl (-Res disp-) and select

Settings.

Activate the Superimpose model on the

deformed shape option. You can move the slider

to adjust the transparency of the undelormed
image.

Animate displacement plot.

To animate the displacement plot, right-click
on Displacementl (-Res disp-)
and select Animate.

Deformed plot options %

Superimpase madsl on
Bl e deformed shepe

Transiucent (Park colors) o

= Hﬁ.l!‘!l.*l
B stresst (-vonbiises-)
hesuranl (- Hee
' stress2 (1 Ecit Definition. ..
B

il! Section Cippng...
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In the Animation PropertyManager you can ®F 'I% @

start and stop the animation, set the number of ~ Animation
frames, control the speed, and save the v) X3
animation as an . avi file. P —— =

Students are encouraged to try all the options -
ol the animation feature.

H.
|
|

27 Plot strain results.
Double-click the Strainl (-Eguivalent-) ploticon to show the
plot.

£ 5962004
52626004

. 39878004
2.683a-004
1 3780-004

As opposed to stress results, which are shown as averaged (node
values) by default, strain results are shown as non-averaged (element
values).

Note that strain results are dimensionless.

Examine the strain plot showing Element Values.

To review the averaged strain plot, right-click on St rainl
(-BEguivalent-) and select Edit Definition, and then select Node
Values.

To examine the available chart options, right-click St rainl
(-Eguivalent-) and select Edit Definition.
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29

Static Analysis of a Rectangular Plate with a Hole

All post processing features thal we practiced for the stress plot are
available for strain plots as well.

We have completed the analysis of rectangular hollow plate with a
coarse mesh and now wish to sce how a change in mesh density affccts
the results. For this reason, we repeat the analysis one more time using
[ine density mesh.

To repeat the analysis with a more refined mesh, we can create a new
mesh while still in the mesh1 study, but this action would overwrite
the old results.

To preserve the results of study mesh1 that we have completed, we
will create a new study, mesh2. Creating a new study can be done in
several ways.

Create new study.
A new study can be created in one of two ways:

m Create a new study from scratch.

m Copy the mc&s.h']_ study by dragging the FRS @
meshl study icon onto the rectangular  Grecangsar holow plate
. . as=7
hr.j_}l _'!.cw plate icon. (Sal_ne as right- ?::;;f” |
clllckm,g.r rm:::sh_ and selecting (._‘.opy? then - Gt‘
right-clicking rectangular hol low
plate and selecting Paste.)

Either way COSMOSWorks displays the Define Study Name window.
Using the second approach, type the new study name mesh2.
Click OK. The new study, mesh?Z, is identical to the study meshl.

The study settings, Load/Restraint, Mesh, and the study results have
been copied as well.

Create new mesh in study mesh2.
In study mesh?2, right-click Mesh
and select Create. A warning
window appears.

g Remeshing will delete the results for study: mesh 2.

Cox J([Cconad ]

Click OK to open the Mesh window.
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30

31

32

Move the “Mesh factor” slider all the way to the @ ifl' I% @

right. The Element size and Tolerance should

read 0.112 in and 0.005 in, respectively.
Click OK.

The generated mesh is displayed
to the right.

Display mesh details.

Having created the mesh, we can access
the detailed mesh information by right-
clicking Mesh and selecting Details.

The same detailed information can of
course be displayed for the “old” mesh
in the mesn1 study.

Run the analysis.

View displacement and stress results.

]

Study name mesh 2 [-Dislau A
Mesh types: Sohd mesh
Mes sad Standad
A Trarsition Ot
Inchude Mesh Auto Loops O
Semoath Surlace O
Jacobian Check 4
Element size 0112688 in
Tolerance 000563438 1
Mesh quakly High v
L4 »

A

Record the maximum displacement (0.005712 in.) and the maximum

von Mises stress (60,820 psi).

All plot settings remain the same as in the study mesn1 because the
plot definitions are copied from the study meshl.

Multiple Studies
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Check Now we must collect information from both studies (mesh1 and
Convergence and mesh2) to compare the displacement and maximum von Mises stress
Accuracy results for the two different meshes. We can determine the maximum

displacement and the maximum von Mises stress results in plots.

We must also determine the number of elements and the number of
nodes in each mesh. These can be found in the Mesh Details window
ol each respective mesh.

Finally, we must determine the number of degrees of freedom (DOF) in
each model. To calculate this number, we could count the number of
unconstrained nodes by subtracting the number of nodes on the
constrained face from the number nodes reported in mesh details. Then
we could multiply this number by three because each node in a solid
element mesh has 3 DOF.

33 View solver messages.
Right-click on Results and choose Solver Messages. Note the
number of elements, nodes, and degrees of freedom.

. T S S L Y

Results Summary The summary of the results produced by the two studies is shown in the

following table:

|
Max.
Mesh displace- “}ﬂx'm“ Number NumPLr | Number
: Mises stress . : of
density ment ; of DOF of nodes
: ; | psi] clements |
[in]
Coarse
study 5.710e-3 60,700 35,9235 6992 12,160
meshl
Default ‘
study 5.712e-3 60,800 250,044 34,760 ‘ 83,843
meshZz

Note that all of the results of this table pertain to the same problem. The
only difference is in the mesh density. You may find small differences
between your own results and those presented in this table. This is due
to service pack upgrades, etc. Having noted that the maximum
displacement increases with mesh refinement, we can conclude that the
model becomes less stifl (or softer) when the number of degrees of
freedom increases. In our case, by selecting second order elements, we
impose the assumption that the displacement lield in each element is
described by second order polynomial functions.

Multiple Studies 51
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Comparison With
Analytical Results

52

With mesh relinement, the displacement field in each element 1s still
described by second order polynomial functions; however, the larger
number of elements makes it possible to approximate the real
displacement and stress fields more accurately.

We can say that the artificial constraints resulting from element
definition become less imposing with mesh refinement. Displacements
are always the primary unknowns in FEA, and stresses are calculated
based on displacement results. Therefore, stresses also increase with
mesh refinement. If we continued with mesh refinement, we would see
both displacement and stress results converge to a finite value. This
limit is the solution of the mathematical model. Differences between
the solution of the FEA model and the solution of the mathematical
model are due to discretization error. Discretization error diminishes
with mesh refinement.

The process ol consecutive mesh refinements that we have completed
is called the convergence process. Its objective is to determine the
impact of our discretization choices (element size) on the data of
interest, which, in this lesson, are the maximum resultant displacements
and the maximum von Mises stress.

An infinitely long rectangular hollow plate under a tensile load
possesses the analytical solution. We compare FEA results with
analytical results.

W, D and T denote plate width (100 mm), hole diameter (40 mm) and
plate thickness (10 mm). P is the tensile load 25,000 Ib. or 111,210 N.
For comparison with analytical results, it is more convenient to use the
SI system because the SolidWorks model have been defined in mm.

o, 1s the normal stress in the cross section where the hole is located, K,
is the stress concentration factor, and G,,,, is the maximum principal
siress.

5 = P = 2N pes ssapa
n(W_DyxT  (100—40) x 10

i 403V _ 54
K.FJ‘ (‘;_,r_wl' kj_mr'l 2.216
o K xa = 185352216 = 410.74MPa
max i1 n

Review the P1: 1st principle stress plot for study mesh1. The
maximum value reached 61.24 ksi, which corresponds to
approximately 426.9 MPa.

Thereflore, the difference is;

~

T8 O

fad

COSMOS-—THEORY]  T426.9 — 410.74
difference = |: L j|

COSMOS 426.9

Multiple Studies
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The difference of 3.78% between the COSMOSWorks result and the
analytical solution does not necessarily mean that the COSMOSWorks
result is worse and has a 3.78% error,

We must be very careful in how we compare these results. Note that the
analytical solution is valid only for a very thin plate where a plane
stress condition 1s assumed. COSMOSWorks calculates a solution for a
3D model with substantial thickness (10 mm) and accounts for realistic
stress distribution across the plate thickness. COSMOS Works also
takes into consideration the fact that the plate has a finite length (200
mm) rather that an infinite one, as the analytical solution does.

Furthermore, detailed inspection of the stress results show the stress
gradient across the plate thickness, which is not accounted for in the
analytical model. Thus, we can conclude that COSMOSWorks provides
more detailed stress information than the analytical solution.

T T T e e e T T o e o o e R e e AR A A 1R Lk 18

34 Generate report in MSWord format.

Under COSMOSWorks menu item, select Report.

Flot Results L4
List Resuts 4
Resuk: Tools L4

wm
Comoars Test Dabs, .
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35

S ettings lor Pravies
| :?mﬂ Cover Page
Nk ior }
! 7] Description Logofas
[] Fie Infamation
| [ Mstarists =
| (7] Load & Restraint Irfomation|
[ Cevuact Tide: [Sivess analysis of sectangular holow
7] Study Property ' — F
[] Plots
[C] Mesh Quality Flots
Defaul Resibs Author: #withor
[] Desion Seanans Resuls
Conchsion
“ Companyt | Sohcw/orks Comoration
2 5| | Do PR
Reportpath:  [c\COSMOS 2005 Training Fies\ | ]
Report fle nams: | rsctanguiar holow plate-erase] | Repoit foemat: () HTML W
[#] Sk repost an OF. [Z] Automatically updale af plots in JPEG fies
[ _Concel | [ Heo |

Under Settings for, sclect the required report parts. (For example,
deselect the option Contacts, as we do not have any in this analysis.)

Select Microsoft Word as Report format, enter the Report file name,
select the option Automatically update all plots in JPEG files, and
click OK.

Note that the report may also be generated in an HTML format.

Save and close the part.

We used a simple model of a hollow rectangular plate to introduce the
COSMOSWorks interface and, at the same time, to go through all
major steps in the FEA process.

We created multiple studies to execute a linear static analysis with two
different meshes.

While preparing models for analysis and examining results obtained
with different meshes, we introduced the concept of modeling error and
discretization error.

This first lesson was intended to provide an understanding of FEA
methodology and the software skills necessary to complete the lessons
that follow.

Summary
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Exercise 1: Static Analysis of a Part

Problem
Statement

The Aluminum Part of an
assembly will be analyzed
for its maximum stresses
and displacements. The
fashion in which the part is
attached to the rest of the
assembly can be simulated
by an Immovable constraint
applied to the two flat
bottom surfaces. The part is
then subjected to a normal
force of 200 N, as indicated in the figure.

r .I"'..

Open part.
Open the Solidworks part named part. The file is located in the
Exercisel directory.

Specify COSMOSWorks options.
Under COSMOSWorks in the main menu, select Options.

Default Options - Units

| Sysem Qptons | Deles options (New Stucy) |
|
| Lind system
| Load/Restraint
1 pesh (3} SIMES)
Resuts (O EnghshlPS)
= Pt ) MeticlGl
I Color chart
| = Default phots Unis
I I 2 Q'E*MM Resubs Length/Displacement e =
! 1 - S— I o
i otz Temperatuse: Celsis %
Plat3 o 1
alf Frequency/Bucking Study Results Anguizs velocky [radiess S
= Gl Thermal Study Results Strest: Nim™2 =
[Paplot1

Under the Default options (New Study) tab, specify SI(MKS) as a
default Unit system for this analysis. In the Units dialog, set the
Length/Displacement and Stress fields to mm and N/m? (Pa),
respectively.

The following default results plots are generated after each static study

is completed: Nodal von Mises stress, resultant displacement, and
equivalent elemental strain.
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Default Options - Plot - Static Plot

Uit
Load|Restraint Pt by
Mash | Modal Stress »
|1 2 Pt
Color chart Fesuts component:
=i Default
;_Q'Sﬁ‘iu:_ P1: st prncipal stress w
ot |7 i el Folder
Ptz
Piok3

Still in the Default options (New Study) tab, under Plot, Defaull
plots, right-click on the Static Study Results folder and
select Add New Plot. Request that an additional result plot for the
nodal P1: 1st principle stress be generated as a default result plot.

Default Options - Results

System Dptionz | Defesal oplions [New Study] |
Units Detaull sobver
Load/Restraint () Austomatic
Phesh () Direct spaise
= Plat (%) FFEPhat
= mm, Fezuks folder
= o Static Study Rests (%) S ohdworks document foider
Pt (] Urdet v fihder enceicise 1 iesuld
Plot2 3
Flot3 ) User defined
e e
@ Frequency/Bucking Study Resuks
£ Q!hﬂuh B [_] Eeep temporary database files
= b Resuits Tnchmed’ereuﬂ:sfo_écisrmrmemmmdy,mﬂym
‘*?Ef:‘pp;a:tiudy ophon wider the properties of the study.

Specify the folder exercise 1 results in the SolidWorks
document directory as a location where the results will be saved.

Define a static study.
Switch to the COSMOSWorks Manager and create a Solid mesh,
Static study named Static analysis.

Apply material properties.

Right-click on the Solids folder in 5 q*;m:m:u(—mu—l
+ = !

COSMOSWorks Feature Manager and ) iiéw
select Apply Material to All. BT opons..
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Material

Select matenal source

() Use SokdWorks matenal
) Custom defined

) Contor Borary

(%) From Bbrary fles
mnulalﬁs N

# B lon(3) -~
& @ Steel (30]

= @ Almiam Aboys
T0E0 Aoy
T0EO-H1Z
1060H12R
1060H14
1060H16
1060H18
1060H1E R
1060-0 (55!
1100H1Z R
T00HIER
1100HZE R
11rm1n;.-"’_

el e Ree N Nl R Wi Jer Ner el )

| Propaties | Tables & Curves | Fatigue SN Curves|
Matenal Propariesz
Model Type: | Linear Elastic sshiopic
Urits: E
Categons
Hame: |
Descaipion |
Property | Descrption Walue | Unkts Temp Dependency
Him"™2

EX Elastic modulus Kmﬁ_ =

£

Specify Aluminum Alloy 1060 from the cosmos materials

library.

Apply Immovable restraints.
Apply Immovable restraints to the two bottom faces, as shown in the

figure below.

Note that this restraint simulates the way this part is attached to the rest

of the assembly.
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6 Apply force.
Apply normal force
on the face indicated
in the figure. Specify
a magnitude of 500
N.

7 Mesh.
Mesh the model using High quality elements. Use the default Element
size and Tolerance of 4.39 mm and 0.219 mm, respectively.

8 Run the study.
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9 Plot stress results.

We observe that the maximum von Mises stress in the model is
approximately 16.3 MPa, which is well below the yield strength of the

1060 Aluminum Alloy (27.5 MPa).

The distribution of the P1: 1st principle stress indicates a maximum
value of approximately 22 MPa. This value corresponds to the
maximum tensile stress in the part (maximum compressive stress

where the value is negative).

von Messs (WiT™2)

2 155e+007

l B
| 17968007

- 1 BiBasi07
. 143Te4007

| 1 25704007
1.07Be+007
8531 0+005
[ Ta84es008

. 5.358e+008

| 3597e+005
l 1.795e+008
1 2458+002

 Yisld sirengthc 27570007

P (Rn™2)

2. 200e+007

l 1 879e+007
. 1 T58e+007

. 1.53e4007

131 Te+007

1 09Ge+007

B 7558+ 006

B.547e+006

L 4 340e+006

. 2133e+006

. -7 481 e+004

-2 2 2es006

-4 43084005
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10 Plot displacement results.

LIRES {men)
3.0066-002
' 27556-002
. 2505002

. 22548002

. 2004e-002
1753002
1503002

1.250e-002

" 1 one002
. 7.515e-003
_ 50100.003
2505003

1 0008030

We observe the maximum resultant displacement of approximately

0.03 mm.

Coarse mesh and
Element stress

60

Are our current results accurate enough? Visual inspection of our finite
element mesh suggests that it is rather coarse, especially in the regions

where the fillets are present. Furthermore, inspection of the distribution

of the elemental values of the von Mises stress indicates considerable

stress jumps from element-to-element in the higher stress concentration

dareds.,

Von Mises (Nin*2)
1 E3e+007
l 1. 4%3e+007
L 136204007

. 1.226e+007

. 1.090e+007

L 35Me+008

. BATIe+006

B 810e+0D5

| S4dBes005

- 4 065e+006

2. 724e+006
I 1
2.361e+002

—# Yield strangthe 2. 75784007
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To display the distribution of the elemental values

of the von Mises stress, edit plot Stressl v) %) 1)
(-vonMises-) and specify Element values. e
Bi |VON: von Mises stres: v

E Wfm~2 v
I Frige v
() Nade valuss

(& Element v

We will repeat the analysis with finer mesh.

12

Create new static study.

Copy study Static analysis into a new study named Static
analysis - refined.

The folders Load/Restraint, Solids, Mesh, and Results
will be copied into the new study as well.

Create fine mesh.
Create High quality mesh with the Element size 0f 2.198 mm and th

b

C

Tolerance of 0.109 mm. (Slide the Mesh factor all the way to the right

for these settings.)

The resulting mesh can be seen in the figure to the right. We observe
significantly improved mapping of the model geometry.

13 Run the study.
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won Mises (Win*2)
2350a+007
l 21648007
SN 1.867e+007
S e

- 1 ST de+007

: L 1.37Te+007

11 E0e+007

953564006
| 73680+005

- 58(He+006

3.834e+005
' 1 86T e+006
.80 e+001

P ikl strencth: 2.7578+007

We now observe that the maximum von Mises stress increased from
16.3 MPa to 23.6 MPa, which is still below the material yield strength
of the 27.5 MPa. This translates to a difference of nearly 31%.

15 Plot displacement results.

URES: {rmm)
3.055e-002
I 28008002
S 2.545e.002
- 228 e-002
- 203e-002
- 17820002
1 527002

127 3e-002

L1 Be-D02

. 7 E36e-003

. S091e-003
I 2 5450-003
1 000e-030

The above plot shows that the maximum displacement resultant
increased from 0.03 mm to 0.0305 mm; a difference of approximately

1.6%.



COSMOSWorks Designer 2007 Training Manual

Summary

In this exercise, we practiced the basic setup of the linear static study as
well as the post processing features available in COSMOSWorks. We
observed that the mesh quality has a significant impact on the results
(especially the stress results). While the deviation in the resultant
displacements obtained from the two studies was only 1.6%, the
deviation for von Mises stresses was nearly 31%. The greater
difference in the stresses is attributed to the following two phenomena:

- Displacements are the primary unknown in the [linite element
analysis and, as such, will always be signilicantly more accurate
than strains and stresses. A relatively coarse mesh is sufficient for
satisfactory displacement results, while significantly finer mesh is
generally required for satisfactory stress results.

- The extreme values of the stresses occur in the high curvature
regions where fillets are present. It is in these regions where our
mesh needs to be refined for satisfactory results. This is a subject
studied in Lesson 2.
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Objectives

Lesson 2
Static Analysis of an
L-Bracket

Upon successtul completion of this lesson, you will be able to:

Ilustrate the differences between modeling and discretization
errors

Use Automatic transition option to mesh models

Use mesh controls

Describe when the lack of convergence of FEA results may occur
Analyze model in different SolidWorks configurations

Run multiple studies in a batch mode

Extract reaction forces
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Project
Description

Analyses of a
Bracket Without
the Fillet

Note
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An L-shaped steel bracket is ixed at the top and a 200 Ib. load is
applied to the lower end face. We wish to evaluate the displacements
and stresses in the model.

The corner of the bracket 1s rounded by a small fillet. Since the radius
of the fillet is small compared to the overall size of the model, we
decide to suppress it. As we soon prove, suppressing the fillet is ill
advised.

We will investigate the effect of different mesh
sizes on the maximum displacement and stress
results. Rather than reflining the mesh
uniformly in the entire model, which is called
global mesh refinement, we refine the mesh
locally, where high stresses are located. This is
called local mesh refinement.

Suppressed
Fillet

e

Open part.

Open the SolidWorks part L bracket,

In the SolidWorks ConfigurationManager, R @
examine the two configurations: fillet and = % brde Cofguaonts) (nofie)
no fillet, :r;nfl:ﬁ-:[l.-brmti

Activate the no £illet configuration for the analysis.

Define static study.

Toggle from SolidWorks to the COSMOSWorks environment.

Create a study named meshl.

In the Mesh list, click Solid Mesh.

In the analysis Type list, select Static.

Click OK.

The L bracket icon in the Sol1ids folder already has a check mark
next to the name of the assigned material because the material
definition (AISI 304 steel) has been transferred from SolidWorks.

Also, note that a sharp re-entrant corner takes the place of the
suppressed fillet.

Project Description
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3 Apply fixed restraint.
Now apply a lixed support restraint to the
top face using either Fixed or Immovable
restraints.

To apply a fixed support restraint:

Right-click Load/Restraint and select
Restraints.

In the restraint Type list, then select either
Fixed or Immovable.

Click OK.

4 Apply force load.
Right-click Load/Restraint and select Force.

= %6h | bracket (ro filet)

v{A] drnckations

#- Design Binder

| §IE ATST 304

“+ ',ggjild'ﬂ.s-ardt:mos

M| Solid Bodies{1)
42 Front

& i
&“'ﬂ’* b\r/
IiOlb‘l

@
@.—.

T

In the Force PropertyManager window, select the end face as the entity
where force is to be applied, and then select Top plane as the reference
plane to define the force direction.

The fly-out menu is useful for selecting the Top reference plane.

The direction of the bending load is normal to the Top reference plane.
Therefore, enter =200 Ib as the force component in the normal direction
to the selected reference. Alternatively, enter 200 and select Reverse
Direction check box in Normal to Plane force direction.

The definition of the mathematical model is now complete.
Click OK.
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5 Mesh the model.
Verify that the meshing option is set to High
quality, meaning that second order elements
are created.
Mesh the model using the default Element
size 01 0.189 in suggested by
COSMOSWorks.
6 Set plot options.
nghl-chc}.{ the L bracket icon and SR e @
select Options. '
215, @ Fudy
5 45 advier.
"#; Compare Test Data
i o Run Al Stodiss
| Update Companents For Al Studies
= & Define Function Curves...
CrastaiEdt matera Brary, .
§ EEEO G N
€
Under the Default options tab, in the folder Plot, Default plots,
locate the subfolder Static Study Results.
Defauli Options - Plot - Static Plot X
| Sysom Optors | Delank Optors |
e s
e Nodal Stress v
Rersuits
Cokor Chart Riesiis component:
| —"Df;:::MR: L P1: 15 prncipal sress -
poc i
Make sure that an additional plot for the nodal 1st principle stress P1 is
defined. If not, right-click on the Static Study Results folder
and select Add New Plot.
Select P1: 1st principle stress under Result component and Nodal
stress under Result type.
7 Create two new studies.

68

Study mesh1 is now ready to be analyzed. However, we will create
two more studies and analyze all three studies using the Run all
studies command.

Analyses of a Bracket Without the Fillet
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Note

T T ——— Ly T s

Static Analysis of an L-Bracket

To copy the entire contents of mesnhl into a new RER S @
study, mesh2, drag the mesh1l folder onto the L Wibacst |

. : ; : an .
bracket particon. This will open the Define Rabormmeter |
Study Name dialog window.

In the Study Name field type meshZ.

In the SolidWorks configuration to use
list, select no fillet.

mash2

Sobdworks configueation bo use:

o fillet b
fillet

Help

In the Define Study Name dialog window, you can associate new
studies to a particular SolidWorks configuration.
Click OK.

e e — R T e e e o s e e e B LA

Analysis with
Local Mesh
Refinement

The study mesh2 will investigate the effect of using smaller elements
in the model on the results. In Lesson |, we refined the mesh uniformly
throughout the entire model by controlling the global element size.

In this lesson, we will use a different technique. Note that a stress
concentration is located near the sharp re-entrant corner.

If you wish, you may run the study mesh1 prior to running all studies
in a batch mode to verify that the sharp edge indeed causes stress
concentrations.

Knowing the location of high stress, we can refine the mesh locally in
that area by applying local mesh controls.

T T e—— e T T ey x Pre—

Apply local mesh control for study mesh?2.
To apply a mesh control, select the edge on ~
which to apply mesh controls. B~

Right-click Mesh and select Apply Mesh

Control. The Mesh Control PropertyManager Mesh sndfun
appears. Faure Duagnostics. .,
Detaks, ..
@
Crasbe Mash Flot...,
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As always, it is also possible to open the Mesh Control window first,
and then select the desired entities on which to apply mesh controls.

Mesh controls allow you to control the element size locally on selected
entities independent of the global element size. As compared to global
mesh refinement, this is a more numerically efficient technique. Small
elements are placed where needed, while portions of the model with no
stress concentration are meshed with larger elements.

We will keep the suggested local Element size
ol 0.0947 in.

Keep the Ratio and Layers ficlds at their
default values of 1.5 and 3, respectively. (See
the following discussion for an explanation of
these options.)

Click OK to close Mesh controls

PropertyManager. | U daere sleinant o i
| i
& oowaosi win v
Wls 00 )
MK ) 2 |
L o =] |
| Symbol settings IS

Create mesh.
Create High quality mesh with the default global Element size of
0.189 in and the default Tolerance of 0.00947 in.

Note that smaller elements have been created along the edge where
mesh control has been just applied.

D
A

i

al

AT A AT ATV AT AT A AT A AT ATA)
AN VAT A A AN ATAT R AT)

¥

TATATAXaY,

al

2z

iy
Mo edge mesh control

With edge mesh control
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Mesh Controls Mesh controls can also be applied to vertices, laces, or entire
components of assemblies. Note that after mesh controls have been
defined, the Mesh icon becomes a folder.

Mesh controls can then be edited using a = Qtesh
shorteut menu displayed by right-clicking = ﬁ%"g".’:
Control-1 and select Edit Definition in the = | 37
# () Resuits
Mesh folder. Suppess
i
The mesh with applied control (also called SIS,
mesh bias) features localized refinement P ?
along the edges. K

The Ratio parameter specifies the ratio
between element sizes in consecutive
transitional element layers. In our case, the
default Ratio of 1.5 was used.

The Layers parameter controls the number
of transitional element layers in which the
specified Ratio is forced.

MESH CONTROL SYMBOLS

The following example will clarify the use of these two options.

a Local element
Global element size = 0.1 mm
size = 9mm /
Ratio= 11
Layers =3
b)

Local element

Global element size = 0.1 mm

size = 9mm

Ratio ;
Layers = 10

Analyses of a Bracket Without the Fillet 71
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In case a), the specified growth ratio of 1.1 is applied to 3 layers. The

element size at layer three is only 0.1 x 1.1° = 0.13mm , which is
smaller than the global element size o 9 mm. The mesher, therefore.,
adds a few additional layers with a greater ratio to smoothly transition
to the global element size o 9 mm.

In case b), we force the specified ratio of 1.1 for 10 layers. Since at
layer 10 the size of the element is still only 0.1 x 1.1 = 0.259mm 5
the mesher adds a few additional layers with a greater ratio to arrive at
the global element size of 9 mm.

If the number of layers specificd at the mesh control is greater than the
minimum number of layers needed to reach the global element size at

the specified ratio, the mesher stops growing the element size once the
global size is reached, i.e. the excessive layers are ignored.

Meshing must be done after controls are defined.
Mesh control symbols are displayed along the affected edge.

Mesh control symbols can be displayed or hidden by one of the
following actions:

m  Right-click Mesh and select Hide All Control Symbols
B Right-click Mesh and select Show All Control Symbols

The visibility of mesh control symbols can also be controlled
individually for each mesh control.

Study mesh?2 is ready to be analyzed but we still need to prepare one
more study before running all three studies using the Run all studies
command.

s

Copy study mesh2 into study mesh3,

Apply local mesh control for study mesh3.

In the mesh3 study, right-click Control-1 . @men

in the Mesh folder and select Edit Definition. - @""“wm""‘
Q= Hidde
] Report

Suppress

e

In the Element size box, enter 0.020 in to locally refine the mesh
along the sharp re-entrant edge. Keep the Ratio and Layers parameters
at their default values of 1.5 and 3, respectively.

With this mesh control, we will create very small elements along the
sharp re-entrant edge.

Click OK.

Analyses of a Bracket Without the Fillet
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12 Mesh study mesh3.
Mesh study mesh3 with High quality elements and the default global
Element size ol 0.189 in and the default Tolerance of 0.0095 in.

We now have three studies: meshl, mesh2 and mesh3. The only
difference is mesh refinement along the sharp re-entrant edge.

R
SN
BB A
SRR

TS
S

¥

i

13 Run all studies.
To run all three studies, in the CYed
COSMOSWorks FeatureManager, right- Q’F& =
click L bracket and select Run all + o
studies. 8 ' Compare TestData.,

& d'n

'b:": Update C For Al Studes
Recall that in study mesh1 we requested that, in addition to the default
von Mises, resultant displacement, and equivalent strain result plots,
P1: 1st principle stress plot be generated as well. Since mesh2 and
me=h3 have been copied from meshl, the same plots will be created
in all three studies.

Once the analyses are completed, you may review the report in the MSG
file located in the result folder.

P L bracket - Notepad
Fle Edit Formet Wiew Help
running batch analysis A

performing olagnostics

start stuay: meshl Tuesday, Hagor 09, 2006 4:24:19 PM
End study: meshl Tuesday, May U2, 2006 4:24:19 PM
Start study: mesh? Tuesday, May 09, 2006 4:24:19 PM
end study: meshz Tuesday, May 09, 2006 4:24:19 e
start study: mesh3 Tuesday, May 09, 2006 4:24:19 FM
end study: mesh3 Tuesday, May U9, 2006 4:24:19 PM

rerforming Analysis

start study: meshl Tuesday, May 09, 2006 4:34:10 PM
analysis succeeded.

End study: meshl Tuesday, May 09, 2006 4:24:22 PM
start study: mesh? Tuesday, May 09, 2006 4:24:32 PM
Analysis succeeded.

End study: mesh? Tuesday, May 09, 2006 4:24:25 PM
start study: mesh3 Tuesday, May 09, 2006 4:24:25 PM
analysis succeeded,

End Study: mesh3 Tuesday, ™May 09, 2006 4:24:30 PM

14 Plot principal stresses.
Request that the mesh be displayed with the plot by right-clicking the
corresponding result plot and sclecting Settings.
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Then, under Boundary options, select Mesh.

Click OK.

1.465e+004
1.322e+004

_ 1 iB0e+004
- 103824004

F1(ps])

A

T 523e003
61180003

-2 409+ 003

. BOE1e+003
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2578004
-2 435+ 003

25430004
241 2e4004
1 250e+004
1 Da4e+004
B.18Te+003
2876e+003
22034002

. 214624004
1 BB es004

151564004
. 5531 e+003

F1 (psd)

Study; mesh2

15 Plot resultant displacements.

m

1.1190-002

1 B28e-002
. 9324e-003
. 835%e-003

. 74530003

L 27gTe03

Study: meshl
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Results
Discussion

Results
Comparison

Stress
Singularities

Static Analysis of an L-Bracket

The study, mesh1, produces a maximum resultant displacement value
of 0.01118 in and a maximum P1 stress result of 10,890 psi.

Reporting displacement results with five digits of accuracy is
excessive. Uncertainties in loads, restraints, and material properties
deflinition do not normally justify this level of accuracy.

We use five digits of accuracy so that we can compare the minute
differences in the displacement results calculated in the three studies
we undertake in this lesson.

Let us summarize the maximum resultant displacement and maximum
P1 stress results from meshl, mesh? and mesh 3 studies in the
following table:

; Increase in Increase in
Study NIaTi':iSpl' max. displ. s!hzlzz'lpslii P1 stress
) [in.][%e] P [psi][%]
meshl 001118 - | 10,890 -
0.00003 | ) 3760
N 0.00001 | 14,780
meshl 0.01122 (0.08%) 29,430 (101%)

Note that each mesh relinement results in an increase in both the
maximum displacement and the maximum stress. The increase i the
displacement results is negligible and becomes less pronounced with
successive runs. Thus, we can say that the displacement results
converge.

If we continue this exercise of progressive mesh refinement, either
locally near the sharp re-entrant as we did by means of the local mesh
controls, or globally by reducing the global element size as we did in
Lesson I, we would note that the displacement results converge to a
finite value and that even the first mesh is adequate 1 we are examining
only displacement results.

Stresses, however, behave quite differently. Each subsequent mesh
refinement produces higher stress results. Instead of converging to a
finite value like the displacement results do, the stress results diverge.
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30000

20000
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1

meshi mesh2 mesh3

With enough time and patience, we can produce results that show any
stress magnitude. All that is necessary is to make the element size small
enough!

The reason for divergent stress results is not that the finite element
model is incorrect, but that the finite element model is based on the
wrong mathematical model.

According to the theory of elasticity, stress in the sharp re-entrant
corner is infinite; a mathematician would say that stress there is
singular. The finite element model does not produce infinite stress
results due to discretization errors, and these discretization errors mask
the modeling error.

However, stress results are completely dependent on mesh size;
therefore, they are totally meaningless.

If our objective is to determine the maximum stress, then the decision
to suppress the fillet and analyze a model with a sharp re-entrant corner
is & very serious mistake. The stress in a sharp re-entrant corner is
singular, or infinite. The fillet, no matter how small it is, must be
included in the model if we seek to find stresses in or near that fillet.

Analysis of
Bracket with a
Fillet

78
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Therefore, we must repeat this lesson using a model with the fillet.
Obtaining the correct model requires unsuppressing the fillet, which is
done in SolidWorks by changing to the £i111let configuration.

Change SolidWorks configuration.
In the SolidWorks configuration manager, el YIC
activate configuration fillet. = L bracket Corfiguration(s) (filet)

Serrerzr 3

Analysis of Bracket with a Fillet
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Note that after the configuration has been changed the studies mesh1,
mesh?2 and mesh3 are inaccessible. They are greyed-out. You can
access them again only after activating the SolidWorks configuration
corresponding to these studies. This is done in SolidWorks
configuration manager. To change the configuration corresponding to a
study, right-click the study icon and select Activate SW
configuration.

Create new study.
Create a study mesh4 by copying the meshl study into the mesh4
study.

We copy the mesh1 study and not the mesh?2 or mesh 3 studies for
convenience hecause meshl does not have mesh controls defined and
meshd does not require mesh controls.

If we use mesh? ormesh3, we have to delete the mesh controls in the
meshd study.

Automatic
Transition

Because the fillet is a small feature compared to the overall size of the
model, meshing with the default mesh settings produces an abrupt
change in element size between the fillet and adjacent faces. To avoid
this problem, we select the Automatic transition option in the
meshing Options.

18

Mesh the model with Automatic transition T
option on. @) %) 2
Under the mesh Options, turn on the S _iJ—:__-)— D =
Automatic transition option.As in all previous . 3
studies, mesh the model with High quality 0 3
elements and the default Element size of 0.189 | & 1100 =
in and the default Tolerance of 0.0095 in. T
Dmmwmru_m
|o — —— I
Quality:
(O Dwaft
@rgh
| Cortrols:
= ansition
[ Smocth surface

Compare the meshes created with and without the Automatic
transition option.
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AUTOMATIC TRANSITION

N R 7\
VAVAVAYS SoraviVAY,
AVAVAVZ oAV 7 %,

AN AN A TAY 2
WAVAVAVAVAVA Mg W
FAVAVAVAVAVAN 2o Wi s
VAV AV AV AV AV A YAY %
ININIINEINANLT

NO AUTOMATIC TRANSITION

19 Run the analysis.

20 Plot Displacement results.
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The maximum resultant displacement result (0.01107 in) reported for

the £11let study differs only insignificantly from the earlier

di

acement results.

spl
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21 Plot principal stresses.
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The stress results obtained by the model with the fillet indicate that the

maximum P1 stress 1s 14,750 psi.

22 Extract reaction force.

Right-click on the Results folder and select List Reaction Force.

Select the face where the
bracket is supported and click
Update. Make sure the units
are sel to English (IPS).

The Reaction force (Ib)
dialog will list the resultant of
the reaction on the selected
face (or faces, if more
supported faces exist and are
selected) as well as on the
entire model.

We can see that the
equilibrium is satisfied; the
reaction force is equal to 200
Ib, which confirms the
equilibrium and the
correctness of the solution.

Analysis of Bracket with a Fillet
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| Reaction force (i) |
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Conclusion

These results are obtained by using the correct mathematical model. It
does not make sense to debate which of the first three models produces
the closest results to this one and, therefore, which one was “the best™
among those three models. All models with sharp re-entrant edges are
equally poor if we examine stresses on those edges.

Thus, if we are interested in stress at or near a sharp edge (or a sharp
corner for shell element models), this edge must be modeled with a
fillet, even if the fillet is very small.

Stress solution at a sharp re-entrant edge does not exist (is singular) and
the stress results that are reported depend entirely on mesh size. Stress
results in sharp re-entrant edges are, therefore, meaningless.

Summary

82

[n this lesson, we illustrated what can go wrong when FEA is based on
an incorrectly prepared model.

Using local mesh controls (rather than the global mesh controls
implemented in Lesson 1) we obtained solutions for different meshes
and revealed stress singularities at a sharp re-entrant corner.

We used this lesson to further discuss modeling and discretization
error, meshing techniques, and also to illustrate the integration between
SolidWorks and COSMOSWorks.

Summary
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Exercise 2: Static Analysis of a C-bracket

Problem
Statement

Analysis of
Bracket with no
Fillet

A hanging bracket mounted on the ceiling
will be supporting a sign mounted on the
bottom flange of the bracket. The sign will
be mounted onto the bracket with a flat
ribbon like cable. A 200 Ib. force will be
exerted on the bracket due to the weight of
the sign and ribbon. We will evaluate the
displacements and stresses for the bracket
due to this loading. We are also interested in
how modeling the bracket with and without
fillets will effect our results.

Open part.
Open the Solidworks part bracket. This file is located in the
Exercise 2 directory.

Specify active configuration. o5’ @
Activate the Ne Fillet configuration in the "= beadet Confiuation(s) tho et}

- - 7 - it ; by Defauk | brac
SolidWorks ConfigurationManager. Ko s Fet breckit

You will notice that the rounded inside edges —
become sharp re-entrant corners. By activating
this configuration, all inner fillets are suppressed
and will not be part of the analysis.

y
Define a static study.
Switch to the COSMOSWorks Manager and create a Static study
named no fillet 1 with a Solid mesh.
Apply material properties. TR
In the COSMOSWorks Manager, right-click on  ®le
So1ids and select Apply Material to All - & o fillet 1 (o Fillet-)
= %m
Select Alloy Steel from the cosmos = Gpbraciet
. . [ody 1(Cut-Extrudet)
material library. L8 LoadRestrant
il Design Scenara
T Contact{Gaps (-Global; Bonded-)
G, Mesh
[JReport
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Apply fixed restraint.

Apply a Fixed restraint to the top face on the
outer side of the bracket. We will assume that
the compressive force of the screw is large
enough to prevent any sliding or rotation

about the screw.

Apply force.

Apply a 200 Ib normal force to the top face of
the bottom flange. This force is due to the

weight of the sign.

Mesh the model.

COSMOSWorks Designer 2007 Training Manual

Mesh the model with the default element size. Use High quality

elements.

Run the analysis.

Plot stress results.

We find that the bracket has a maximum P1 stress of 20.350 psi and
does not yield. However, there is a high stress concentration at the

sharp corners.

P1 {psi)
2 035e+004
l 1852a+004
.1 BB 004
. 1486a+004
. 130304004
L 11190400
9.361e-002
7 520a+002
i SESTa (03
" 386504003

. 2033e+003
l 201384002
-1 6318+003
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von Mises (psi)
1.523a+004
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L 1.1428+004
| 10156+004
| 588364003
TEide+002
| §.3458+003
© L 5076-003
| 38078002

. 2.530e+003
I 1 2692+003
20450002

—®Yigld srength 5 958e+00

10 Plot displacement results.

URES (in}

47596002
4,262e-002
3.9660-002
. 35706-002
L 3,173e.002
27760-002
23806002
19836002
| 15860002
£ 11900002

B 7 932e-003
I 3 866e-003
3 037e-032

-

11 Create a new study.
Create a Static study named no fillet 2 with a Solid mesh.

12 Copy loads and restraints to new study.

Copy the materials, loads, and restraints fromno £illet 1 into the

current study.

13 Apply mesh control.

Apply mesh control to cach of the three edges on the inner faces of the

bracket. Use the default mesh control size.
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14 Mesh the model.
Mesh the model with the default element size. We have created a finer
mesh at the inside edges of the bracket, while the mesh sizes are coarser
at all other locations in the bracket.

15 Run the analysis.

F1(psi)
2076ex004
1 8580+004
L1 T008+004
. 1.511e+004
- 1 222e+004
feal 11354004
G A64e+003
7 581e+003
L 5 6982003
:_ 3 815e+003
19320+003
4 825a+001
-1.8340+003

We find that the maximum P1 stress is 20,760 psi, which is slightly
higher than the P1 value obtained in the previous study with no mesh
control.

16 Create a new study.
Create a Static study named no fillet 3 with a Solid mesh.

17 Copy loads and restraints to new study.
Copy the materials, loads, and restraints from no fillet 1 into the
current study.

18 Apply mesh control.
In the COSMOSWorks Manager, under Mesh, Apply Mesh
Controls, right-click Control-1 and select Edit Definition.
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Analysis of
Bracket with Fillet

Change the element size to 0.035 (in).

19 Mesh the model.

Mesh the model with the default element size. We have created a finer
mesh at the inside edges of the bracket, while the mesh sizes are coarser
at all other locations in the bracket.

20 Run the analysis.

21

22

P1(psi)
A57T7a+004
46920+004

| 328764004
29418+004
X 2 5080+004

225080004

1.9056+004

1 5502004

121400004

| 86854003

5. 230e+003
I 1. 7T6a+003
1 BT9e+003

Again we find that the maximum P1 stress is significantly higher than
the P1 value obtained in the previous study with a coarser mesh control.
We see that although we are refining the mesh the stress results are not
converging. This 1s due to the sharp re-entrant angles.

We will now look at a model with fillets and analyze its solution.

Activate default configuration.

In SolidWorks ConfigurationManager activate
the Default configuration to use the model
with fillets.

Create a new study.
Create a Static study named £111let with a Solid mesh.
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23 Copy loads and restraints to new study.
Copy the materials, loads, restraints, and mesh fromno fillet 1 into
the current study.

24 Apply mesh control.
Apply a mesh control of element size 0.02 (in)
to the inner cylindrical surface of the hole.

25 Mesh the model.
Compare the meshes created with and without the Automatic
transition option.

26 Run the analysis with Automatic Transition mesh option.

27 Plot results.

P1 {psi)
237264004
lz.isamum
L 190194004
- 1.6658+004
| 143060004
S 1 19404004
9.5866+003
7 23064003
E 4 a74ee003
5 251880003
162284002
-2104a+003
-4 5508+003

N

The stress results obtained by the model with the fillet indicate that the
maximum P1 stress is 23,720 psi which is significantly lower than the
model without fillets.
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Exercise 3: Static Analysis of a Bone Wrench

Problem
Statement

Static Analysis

A bone wrench will be analyzed
for its stresses and deformations
when subjected to loads resulting
from regular working conditions.
One side of the wrench is fixed,
simulating a tight contact with a
nut. The other side is subjected to
a horizontal force exerted by an
operator when tightening
(loosening) the nut.

The analysis will conclude with a report generated in MS Word format.

Open part.
Open the Solidworks part named bonewrench. sLdprt. This file is
located in the Exercise 3 folder

Specify COSMOSWorks options.
Set the Units to SI(MKS) and the units ol Length and Stress to mm
and N/m?, respectively.

Request that all results be saved in the exercise 3 results
subfolder in the Solidworks document folder. Request that the reports
be saved in the same results folder.

Define a static study.
Create a Static study named Bone Wrench Analysis with a Solid
mesh.

Apply material properties.
Assign Alloy Steel material from the cosmes materials
library to the part.

Apply restraints.

The tight contact between the wrench and the nut will be simulated by
the application of No Immovable restraints on the faces (a total of
eight faces), as shown in the figure below.
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6 Apply force.
Apply a force of 150 N exerted by an operator, as shown in the figure

below.

7 Mesh the model.
Mesh the model using High quality elements. Use the default Element
size and Tolerance of 2.388 mm and 0.119 mm, respectively.

To improve the quality of the mesh in higher curvature regions, turn on
the Automatic Transition option.

The resulting mesh
can be seen in the
figure to the right.

8 Run the analysis.

9 Plot stress results.
We observe that the resulting von Mises stress in the model is 24.7
MPa, which is well below the material yield strength of the 62 MPa.
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Note

10 Plot resultant displacements.

11

LRES {men)
31000011
l 2Ese0m
. 2507001
. 233300
. 207T4e-000
L 1 Bl4e-00
1 5558001

1. Fia-O1

UL 4 ameon

. T TTEe-002

. 51B&e002
I 258284002
1 D00e-030

The absolute values of the displacements are very small, with the
maximum value of 0.3 mm.

Check the reaction moment.
Right-click on Results folder and = u?!

. . Sotver Massapes..,
select List Reaction Force.

ﬁ: [ Define Design Check ok,

B | B2 Define Sress Plot.

o B! Define Displacement Plot. .
@ Defire Stran Plot...

List Stress...

Select all the faces where the model is restrained (a total of 8 faces).

As shown in the figure below, in the Plane, Axis or Coordinate
system field, select Axis1. COSMOSWorks will switch to the
cylindrical coordination system defined by Axis1.

A full explanation of the cylindrical coordinate system will be given in
Lesson 4.

Click Update.

The Reaction force (N) dialog reads Sum Y: -1412.6 N. This

is the total value of the reaction force in the second cylindrical
(circumferential) direction. To obtain a reaction moment, we have to
multiply this value by a radius.
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Because the opening is not
circular, we will measure the
outer and inner diameters and
use the average as an
approximation of the opening
diameter.

The average diameter is = 16.16mm.

B L e S
2
Therefore, the total reaction moment is approximately equal to

@x 1412.6 = 11414.16Nmm .

To calculate the loading moment, let us measure the distance between
the centroid of'the applied load and Axis1.
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Note

12

The measured distance is 75 mm. Therefore, the loading moment 1s
equal to 75 x 150 = 11250Nmm , which confirms the equilibrium.

The slight difference in the two values is not caused by the inaccuracy
of COSMOSWorks computations. It is merely a consequence of the
approximate calculation of the average diameter of 16.16 mm.

Generate report.
Generate a report in MS Word document format.

S ——— S e

O T e e @ 30 A @ E S
v A et courien 2.+ B et eyt o 8 ore e modies Lor e s = e s
T 1 ks prtnct e s 1. FimTom Fcpores hat e Em e friv st i ortart i ok i o st i b i st

Stress analysis of BoneVr nnch

+ imierials
. Load & Eessralmt Infornatisn
LM}

A me

2. Defwnit Resbts
5. Appondis

| 1. Introduciion
|

| Sumrariee the FEM malysis oo BooiWeesch
Nule:

Tho mak basa poin deagn decishons palely on fhe daa presented = das repeen. The tar informaten i o toppncton with expermmental dath wed [rachcdl mpenemcs Fiehl ity u masdatory o vk dste you
ol g COEMO TN arks el you rrchise your neke bo-smarket by srducng b net sherisating Beld leatn.

2. File Information

Bleds] nnine: o Wresch
ekl b papiom | el T apmsaeniBayacsisn 3 o Srahe bk oFy Broe et el e e 5 TS

Analyze the report.

13 Close the part file.
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Lesson 3

Contact/Gap Analysis
of Pliers

Objectives Upon successful completion of this lesson, you will be able to:
m Perform structural analyses of simple assemblies
m Use the pin connector as a type of restraint

m  Apply and define basic global and local Contact/Gaps conditions
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Project In this lesson, we analyze a simple hand tool. It consists of four
Description components: two identical arms, a hinge pin, and a piece of flat
stock squeezed by pliers.

Our objective is to calculate the stresses that develop in the arms when
a 50 Ib. “squeezing” force is applied to the end of each arm.

We are not interested in
the contact stresses that
develop between the
arm and hinge pin, nor
are we interested in the
contact stresses between
the arms and the piece
of flat stock.

Therefore, we can
simplify the model by suppressing both the hinge pin and the flat stock
and replacing them with the appropriate restraints.

Pliers with
Global Contact

1 Open assembly.
Open the SolidWorks assembly filepliers. sldasm.

2 Suppress pinand flat.
Suppress these two components in the SolidWorks FeatureManager
application. Then toggle to the COSMOSWorks FeatureManager.

3 Set COSMOSWorks options.
Set the global system of units to English (IPS) and the units of Length
and Stress to in and psi. respectively.

Store the results in the subfolder named results under the
SolidWorks document folder.
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4 Create study.
Create a study named p11ers. (Static analysis, Solid mesh.)

Note that there are two components in the Sol ids folder because
there are two parts in the assembly to be analyzed.

s — = —— S ————————————— RS

Applying Materials  You can apply the same material to all components of an assembly or
to Assemblies to each component individually.

To apply material to the components, do one of the following:

m To apply the same material to all components, right-click Sol ids
and select Apply Material to All.

m Toapply material individually to each component (each component
of an assembly may have different material properties), right-click
arm-1 (or arm-2) and sclect Apply material to all bodies.

e i r—— rrEed_aL, o L R T T L e

5 Apply materials to components.
Apply Alloy Steel material properties to both = & Plers (efout)
arms. o

6 Apply fixed restraints.
Define Fixed or Immovable restraints on
both jaws.

The applied restraints simulate the
suppressed piece of squeezed flat stock and
act as if pliers were bonded to it.

7 Apply force to handles.
Apply a 50 Ib. force as to both handles.
Note that the split faces facilitate load
definition.

In the Force PropertyManager, select
Apply normal force.

Pliers with Global Contact 97
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e e EE————

Pin connectors To simulate a pin, we require that a
cylindrical hole on one arm remains
coaxial with the cylindrical hole on the
other arm while the model deforms.

This condition allows the arms to rotate
relative to each other and effectively acts
as an “invisible pin”.

D ———— = ————

8 Define pin using pin connector.

Right-click Load/Restraint and select 1§ pr——
Connectors. EDC: Shaw Al

Wyvest of Restrants. .
|HIR=pc il Pressyrs,..

& Foree..

& sovty...

4P cerevfugal...

E" Remobes LoadMass...

il BeanngLosd..,

i

1 Temneratre,

Selgct Pin from tIi]e S FR[I@ | B CvnkOmiy e,
available types of e
conneclors.

Select the cylindrical
face on one arm as
Cylindrical face(s) of
component 1 and
select the cylindrical
tace on the other arm as
Cylindrical face(s) of
component 2.

This selection is best
done using an exploded
view of the assembly.

In the Connectors
PropertyManager, select No translation under Connection Type. This
means that faces can rotate relative to each other but can not translate in
the axial direction.

Note Note that the pin connector also allows you to define elastic stifiness in
both the axial and rotational directions. In our case, the rotational
stillness is set to 0. (Axial stiffhess is not specified because the No
translate connection type was specified.)

Click OK.
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Note

Contact/Gap Analysis of Pliers

We have defined the loads and restraints, but we are not yet ready to
mesh this assembly.

B i m e

T -

Global Contact
Options

Pliers with Global Contact

Notice a new icon named Contacl /Gaps = L LoadiRastant

P -
: e 7 2 sl e e - &7 Pin Connector-
above the Mesh icon. We use this icon to define i adins
how the assembly components interact which gmmmcw: Borded)
each other. ) Report

Before proceeding with the model, let us examine
the options available when defining component
interaction,

Right-click Contact/Gaps and select Set
Global Contact. The Global Contact window
appears.

The Global Contact window specitfies how to |Options A
Il touching faces in th bly. Yi s
treat all touching faces in the assembly. You can o B

override the global conditions by defining

different conditions locally for selected pairs of faces or for selected
components. The local contact conditions are discussed later in this
lesson.

The available options for the global contact are: Bonded, Free and No
penetration. These options are explained in the following figure and
table.

m

Bonded Contact Free Contact No penetration

Global Contact Types

Touching faces: This is the default choice. Select this option

Bonded when all touching faces are merged and the
assembly behaves as one part. If touching

Options: faces are left as Bonded, the only difference

Compatible Mesh | between a part and an assembly is that in an
assembly we can assign different material
properties to individual components, while in
a part the entire model must have the same
malerial properties.
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Global Contact Types

Touching faces:
Bonded

Options:
Incompatible
Mesh

Touching faces:
Free (no
interaction)

The program meshes each component
independently. The touching faces are
connected using bonding equations to make
the assembly behave as one part. The touching
faces are NOT merged. I meshing fails with
the compatible mesh option, this option can
help the meshing process to succeed. In
general, the compatible mesh option produces
more accurate results in the bonded regions.
Compatible and Incompatible mesh options
are discussed and practiced later on in the
class.

Select this option when the assembly is a
series of unattached components with no
structural connection between them.

Touching faces:
No penetration

Options:
Node to node

Select this option when touching faces can
come apart, but cannot penetrate each other.
The touching faces must be of the same shape
type: two flat faces, two cylindrical faces of
the same radius, or two spherical faces of the
same radius. The faces must share a common
area, but do not have to be identical. The
global value for the coefficient of friction can
be specified in the study properties.

The global contact condition types will be applied only to the faces that
are initially touching.

Important!

L T A A AP E T IR E LT L N LI T T LE LT S ¥ T BT 1T

100 Pliers with Global Contact



COSMOSWaorks Designer 2007 Training Manual Lesson 3

Note

Pliers with Global Contact

9

10

Contact/Gap Analysis of Pliers

Check for existing interferences.
Under Tools. select -
Interference Detection. @
In the Options dialog,

select Treat coincidence  seiected companents &l
as interference and click ‘
Calculate. i
We observe that one set of

faces in the assembly is 1. - &

. & [4] Interference! - Coincident Interfer |
touching. % B oy &l

Set global contact option.
In order to allow the relative movement of the [ et = )
arms while the model deforms under the load, ~— v) %))

set the Global Contact condition to Free (No

: P s Message v
interaction) by 1t1ghl4c-llckmg Contact/ rmerre e —
Gaps and selecting Set Global Contact, and () Bondsd (No dearancs)
then selecting Free (No interaction). Db

(2 No penstration

Click OK. o
Of course, this setting is valid only il'we are sure that the faces do not
penetrate each other during analysis.

Setting the Global Contact condition to No penetration can also work
in this lesson. The No penetration (Options: Node to Node)
condition allows the contacting faces to slide along each other, but does
not allow them to penetrate each other. However, a No penetration
(Options: Node to Node) condition is used if a force pushes the arms
against each other. Because there is no such force and we do not expect
the arms to penetrate at this interface, the No penetration (Options:
Node to Node) option complicates the model unnecessarily.
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11

Important!

12

13

14
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Mesh the model.
With the Global Contact condition set to Free, we are ready to mesh
the assembly.

Mesh the assembly with High
quality elements and the default
Element size 0of 0.19 in.

Under the mesh Options, activate
the Automatic transition option.

Meshing must always be performed after the contact conditions are
fully defined.

Run the analysis.

Switch to exploded view.
If you have not yet done so, switch to the exploded view using the
SolidWorks PropertyManager application.

Plot von Mises stresses.

won Mises (pel)

2.000e+004
1 83304004
1 BE7 e+ 004
. 1 50084004
L 1.334ee004
L 1.967es004

1. 000+ 04

B.330e+ 003
L 6670003

. SO04e+00G

We want to see if the von Mises stresses in any portion of the model
exceed 20,000 psi, which is our design stress. To determine whether the
von Mises stresses exceed the maximum:

33300000

1 B72e+ 003

5.315e+000

Display the von Mises stress plot by double-clicking on the Stress]
plot icon.
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Contact/Gap Analysis of Pliers
While the plot is displayed, right-click Stress1 and select Chart
options.

Under Display options, select Defined, and then enter the minimum
stress as 0 and the maximum stress as 20,000 psi.

Click OK.

Right-click st ress1 and select Settings. Under Fringe options,
select Discrete.

Click OK.

Viewing Assembly
Results

Areas with stresses higher than 20,000 psi appear in red.

Note that an exploded view offers a very convenient way of examining
the analysis results of an assembly, whereas, in normal viewing,
compaonents may obstruct the view.

Another way of reviewing results of an assembly is to hide some
assembly components.

Note

Pliers with Global Contact

15

16

Hide one of the arms.

Define stress plot of one arm.
Toggle to COSMOSWorks, right-click the Results folder, and select
Define Stress Plot.

Click OK.

You can also use the existing plot Stress1 after hiding an assembly
component arm.

In Chart Options, select Show max. annotation and Show min.
annotation.

The maximum stress locations and their magnitudes are indicated for
the displayed arm. If the locations of the maximum/minimum stress
happen to be located on the hidden arm, then the annotation still refers
to that hidden arm and appears to be “floating in air™.
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won Mises (psh
2 B64e+004
l 254484004
L 2 40e+004
. 2163e+004
. 1.923e+004
I 1 533e-004
1.4438+004

1 202e+004

| 96180003

. TN 5e+003

4 81 20+ 003
I :
£.31 5000

The maximum von Mises stress of approximately 29,000 psi is
produced by normal operation of the pliers when a 50 Ib. force is

applied to the handles.

This load can be (perhaps with some difficulty) applied by hand.

29,000 psi can easily be tolerated by the pliers” material, which has a

yield stress of almost 90,000 psi.

We wish to determine the maximum stress that the pliers undergo when

squeezing a 0.2 in. stock plate.

The maximum stress corresponds to the situation where the handles are

blocked.

17 Show the hidden arm.

18 Create displacement plot.

Uy n)
2.110e-002
I 1.7588-002
L 1.407e.002
. 1.055e.002
. 10346003
3.51Be-003

2147006

=351 4e-003

| -7.0300-003

L -110550-002

. -1.4080-002
I -1 755e-002
-2.109¢-002
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To determine the force that brings the ends of the two handles together,
we need to create a displacement plot showing the y component of the

displacements.

Right-click the Displacemantl plot icon and select Edit definition.

Select UY as the Displacement Component, and select in as the
Units.

Under Deformed shape, select True scale. This option plots the
deformation in 1:1 scale.

Click OK.

e e e e Pramsss— —r m—

Required Force

e oo

s e e o = —— e i

We see that under the 50 Ib. force, the end of each handle travels 0.021
in. Consequently, the distance between the two ends decreases by twice
that amount, (0.0420 n.

Since the original distance 1s 0.6 in., the force magnitude must be
increased by a factor of:

0.6 in. / 0.0420 in. = 14.3

Therefore, the force required to bring both arms in contact is equal to
14.3 x 50 = 715.5 1b. This is based on [undamental assumptions of
linear analysis where the structural response is assumed to be
proportional to the applied load.

Pliers with
Local Contact

19

20

We will now load the pliers with a force that significantly exceeds
715.5 Ibs to ensure that both arms come in contact. The appropriate
definition of the load contact condition will ensure that the handles can
come together, but cannot penetrate each other.

Create new study.
Copy the study pliers and name the new study pliers contact.

Edit force.

Edit the force magnitude to 2000 Ib. This is an arbitrary magnitude
based on our “rough” estimation of forces that will definitely bring the
two arms together.

[reep— ———

S—— e L LT S ———

Component
Contact options

Pliers with Local Contact

The global contact condition remains the same (free) as in the previous
study. However, now that the force is considerably larger in order to
bring the two arms together, we need to specify a local contact
condition that prevents their penetration.
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This local contact .

o High precedence
condition has in contact hierarchy
precedence over the
global contact. In

. general, the hierarchy of
the contact conditions
can be explained by the
; ) Low precedence
pyramid shown in the in contact hierarchy
following figure.

Global conditions are overridden by component conditions, and both
global and component conditions are overridden by local conditions.

The component contact conditions can be ) B e———
. it =i & es 1B 30t hobal Contat...
defined by right-clicking on the st
" . :ﬂ]R’ma Defire Contact Sat...
Contact/Gaps folder and selecting BB oefne Cooac fo ipaponents. .
Define Contact for Components. L i

As can be seen in the ligure to the right, the

types of the component contacts are identical v) %) 1) HB,”
to the global contact condition types. Afier the | youchingfaces e
components (parts of an assembly) are | ©Bondedi dearance)
selected, the requested type of contact O
conditions are automatically generated on the |
components’ touching faces. I-
O Incompatibie mesh
Important! The component contact conditions will be applied only on the
component faces initially touching the faces of other components in the
assembly.
Local Contact The local contact conditions can be -ortoct/sap- e
i 5 g %M W get Global Contact...
Options defined by right-clicking on the Pt &m
Contact/Gaps folder and + [l MResdts | Define Contact fo Components...

selecting Define Contact Set.
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In addition to Bonded, No penetration, and
Free (No interaction), the local contact
features two more contact types: Virtual wall
and Shrink fit. Various features and options
are available for each of these definitions and
they will be explored both in this and in
subsequent lessons.

|OGap(dencance) ¥

The table below briefly describes the local contact condition types.

Local Contact Types

The faces (both initially touching and separated by a
gap) may move away from each other but preserve
the physical requirement that they may not penetrate
each other. Friction coefficient and initial
gecometrical offset can be specified in the contact
options. For the detailed description, please refer to
the discussion on page 88.

No
penetration

Touching faces: The selected faces will become
bonded, similarly to the global and component level
contact types. The compatibility of the mesh is
governed by the corresponding component contact
Bonded (if specified) or global contact compatibility setting.

Faces separated by a gap: The generated mesh will
always be incompatible irrespective of the
component and global contact compatibility
settings.

The program creates a shrink fit condition between
the selected faces. The faces may or may not be
cylindrical. This condition requires that the two
parts exhibit a finite volume interference.

Shrink fit

The selected pair of faces is free to move in any
direction. Free faces can penetrate into each other, a
Free physical impossibility. You should use this option
only when you are absolutely sure that the specified
loading will not cause the faces to penetrate.

Pliers with Local Contact 107



Lesson 3 COSMOSWorks Designer 2007 Training Manual
Contact/Gap Analysis of Pliers

This provides a sliding support in a way similar to
Virtual wall Roller/Sliding restraint, except that a friction
coefficient and wall elasticity can be specified.

e ———————————————————————— e e EEEE——————SS,

Note [n this lesson, we will not use any component level contact. Rather, a
local contact definition ensuring no penetration between the two arms
will be specified.

21 Define contact set.
To define a contact zone between the
ends of the two handles, we use the :
two small split faces on the inside of
the handles to define a contact pair.

Right-click Contact /Gaps and
select Define Contact Set.

In the Contact Set
PropertyManager, select No
Penetration as the desired type of
contact. No Penetration is the most
general type of contaclt.

The faces do not have to be the of the same type. For example, a flat
face can contact a cylindrical face, Also, the faces do not have to touch
each other to begin with; an initial gap may exist for surface contact.
For the detailed description of the No penetration contact option, please
refer to the following discussion.

Click one face to define it as the Source, and then click the other face
to define it as the Target.

Select Node to surface under Options.
Click OK.

Note The Contact/Gaps icon is now a folder that contains the local
Contact/Gaps condition that we have just defined.

To edit the Contact/Gaps condition, right-click Contact Set-1
under the Contact/Gaps folder and select Edit Definition.
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The No penetration condition is specified between the source and the
target entities:

m  Source: The source, represented by the nodes or surfaces of the
finite element mesh, may be defined by vertices, edges, or
faces. It is recommended that the mesh of the source be
finer than that of a target.

m Target: The target face (no edges or vertices are allowed) should
be larger and smoother than the geometry of the source.
Based on the type of the No penetration contact, the target
is represented by either nodes or surfaces of the finite
element mesh.

The Options dialog offers the following types:

m  Node to node: Source and target entities must be initially in contact
and no significant sliding may occur. This option may not be used
when the Large displacements option is active.

m  Node to surface: As the name suggests, the target is represented by
surface entities, while the source is represented by the nodes of the
finite element mesh. No restriction on the initial configuration is
imposed, i.e. the source and the target do not need to be touching at
the beginning of the analysis and sliding is permitted. Because the
directions of the friction and normal forces are updated during the
analysis, this option is valid for the Large displacements
calculations.
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This type of contact is able to
describe complex contact
configurations and behavior, but it
requires substantially more
computational effort. Typically, we
would use this type of contact when
edge-to-face configuration is
expected.

source

‘ta rget

m  Suwrface fo surface: This type of No penetration condition is the
most general one. Both the target and the source are represented by
the subsurfaces of the finite element mesh. As in the case of the
Node to surface type, no restriction is imposed on the initial
configuration and sliding is allowed. The directions of the contact
and friction forces are updated during the analysis and this option
is valid for the Large
displacement computations.
Typically, we would use this type
of contact when a face-to-face
conliguration is expected.

- source

m  Friction: Any value of the
friction coeflicient is permitted.

B GAP (clearance): In many applications, two entities cannot come
into full contact due to the manufacturing limitations and the
modeling approaches that we use. This feature restricts such two
entities from coming closer than the initial geometrical offset. For a
more detailed explanation, please refer to Lesson 6.

=

T — i mmn o s R

Note
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22

23

Mesh the model.
Mesh the model with High quality elements and the default element
size. Keep the Automatic transition option On.

Defining a local contact condition
or, more generally, making any
change to the contact conditions

requires remeshing. C= )
Run the analysis.

The large displacement dialog window
will pop up. Click No to complete the

] Contact/Gaps options are changed. Please remesh
=\ toaccourt for these changes

: ‘)/ t\l‘b\.ldkw::bostﬂpﬂlzw and
i L PrOgram e
analysis. with Large Desplacoment flag actrvated?
ves | W |
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Note The large displacement dialog box warns us that the large
displacements of some parts in the assembly were detected. The large
displacement computations are the subject of Lesson 12. At this point,
we will ignore this fact.

24 Plot von Mises stresses.

After the analysis is complete, create a von Mises stress plot, with
discrete fringes, the mesh showing, and the stresses scaled from 0 to
90,000 psi.

The region in red indicates the yielding material. We can observe that
the maximum reported von Mises stress is approximately 470 ksi. This
value is, of course, unrealistic. Yielding of the material indicates that a
linear analysis is no longer valid and that a nonlinear analysis would be
required.

Contact Stresses After the handles are blocked, any further increase in force magnitude
has little effect except for increasing the contact stresses where the
handles touch.

Question: Can we analyze those contact stresses?

Answer: No, the element size in the contact
area is much too large in
comparison to the size of the
contact area. This comparison is
best seen in a side view.

The two handles touch only along the edge; therefore, the contact
stresses are not modeled correctly. For accurate modeling of contact
stresses, we need several elements along the length and width of the
contacl zone,
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This was our first assembly analysis lesson.

The model was simplified by the use of a pin connector restraint, which
eliminated the need to mesh the pin.

Global, component, and local contact conditions were introduced and
discussed. In this lesson, we applied a Free global contact condition
that prevented any interaction between the arms and a local No
penetration (Node to surface) condition at the ends of the arms to
prevent a penetration.

Finally, the limitations of lincar material analysis were examined and
contact stresses were introduced.

Summary
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Exercise 4: Contact Analysis of a Two ring assembly

Project A simple two ring assembly, in which the outer faces of the rings exert

Description contact pressure on each other if tensile loading is applied, is
considered for analysis. In this exercise, it is shown how models
involving surface contact conditions can be easily set up and analyzed

Partial Restraint

\
|

=)

Pressure « %
: e

Loading a

1 Open Assembly.
Open the Solidworks assembly TwoRingsAssem. sldasm.

2 Define a static study.
Create a Static study named Pressure Loading with a Solid
mesh.

3 Apply material properties.
In the COSMOSWorks Manager, right-click on Solids and select
Apply Material to All

Select Alloy Steel from the cosmos material library.
4 Apply fixed restraint.

Apply a Fixed restraint to the back face of
TwoRingsParl.
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Constrain TwoRingsPartZ2 to move in the direction of the load.
Right-click Load/Restraint and
select Restraints. ?

Under the restraint Type, select Use
reference geometry. v

Select Plane? from the SolidWorks
flyout manager to specify the
direction of the restraint.

Select the three cylindrical surfaces to apply boundary condition.

Activate the Displacement components Along plane Dir 2 and Normal
to plane, and set the values to 0 in.

Click OK.

Apply pressure.
Apply a 500 psi pressure normal to the surface
of the TwoRingsPart?.

Define contact set.
Right-click Contact /Gaps and select
Define Contact Set.

In the Contact Set PropertyManager,
select No Penetration as the desired type
of contact.

Click one face to define it as a Source,
and then click the other lace to define it as
a Target.

Select Node to surface under Options.

It does not matter which face is selected as the source or target.

Click OK.
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8 Apply mesh control.
Apply mesh control to surface on
TwoRingsPartZ.

In the element size box, enter a value of 2 mm.

Take all other default mesh control settings.

9 Mesh the model.

Mesh the model with the default element size. Use High quality

clements.

10 Run the analysis.

11 Plot stress results.

wvon Mises (pa)
54550+ 004
T.75e+(HM
ST 04Ter D4
6.3 2es 04
B G 638004

A934e+ 004
423004004
35750+ 004
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141 20+004
I? 08 1e+003
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12 Plot Displacement Results.

URES (in]
1 5856007
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13206002
1 196002
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26582003
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3937e-032

13 Animate Displacement Results.
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Objectives

Lesson 4
Shrink Fit Analysis of a
Wheel Assembly

Upon successful completion of this lesson, you will be able to:

Analyze a shrink fit assembly

Review stress results in local cylindrical coordinate system
Present analysis results using eDrawings

Locate problems with the help of the What's Wrong feature

Use Soft springs and Inertial relief options to eliminate rigid body
modes
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Project In this lesson we analyze a wheel assembly.

Description A rim with an inside radius ol 2.382 in. is pressed on a hub with an

outside radius of 2.391 in.
Our objective is to find the following stress results in both components:

m von Mises stress
m Hoop stress
m  Contact stress

1 Open assembly.
Open the SolidWorks assembly wheel assembly.

Symmetry Note that an axis, Axisl, has
been defined in the assembly. We
use it as a reference to produce
plots of hoop stresses and contact
stresses.

We can take advantage of the
multiple symmetry of this
assembly model and analyze 1/2,
1/4, or even 1/8 of the model.

Here, we analyze a 1/8 section of
the model.

2 Unsuppress cut in model.
Unsuppress the cut in the assembly, this is the last feature in
SolidWorks FeatureManager, named cut 1/8.

3 Suppress rounds.
To defeature the model, suppress the
rounds in both parts (look for the feature
rounds inrimand round 1, round
Z in hub part).

Defeaturing With this modification to the CAD assembly model, we have departed
from the original CAD geometry and we are now analyzing geometry
specifically created for the purpose of analysis.
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Suppression of the rounds has left some sharp re-entrant edges.

These are permissible only because we do not intend to examine
stresses along these edges or in their vicinity.

L e e

Shrink Fit
Analysis

Shrink Fit Analysis

S E e

Create static study.
Toggle to the COSMOSWorks environment, and create a static study
study named shrink £it with a solid mesh.

Set COSMOSWorks options.
Set the global system of units to English (IPS) and set the units of
Length and Stress to psi and in, respectively.

Review material properties.

Observe that the Solids folder holds two icons, corresponding to the
nub and rim components of the assembly, and that the material
properties have been automatically transferred from SolidWorks.

Examine each part individually to confirm that the hub material is
Plain Carbon Steel with a yield stress of 32,000 psi (220 MPa) and the
rim material is Alloy Steel with a yield stress 90,000 psi (620 MPa).

Define symmetry restraints.

We use a 1/8 section of the wheel
assembly, but want valid results for the
complete model. Therefore, we need to
simulate the remaining 7/8 of the
assembly model. Applying symmetry
boundary conditions to the radial faces
created by the cut make the 1/8 section
behave as if the wheel was still complete.

Apply symmetry boundary conditions to all the faces that were created
by the radial cut.

Symmetry boundary conditions on both sides of the radial cut can be
created in one step.

Select faces from both components on both planes of symmetry: four
faces on the hub and two faces on the rim.

Right-click Load/Restraint and select Restraints.
Under Type, select Symmetry.
Click OK.
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Rigid body mode With the symmetry restraints applied, the model can still move in the
axial direction. Thus, one rigid body mode remains unconstrained.

To eliminate this rigid body motion, it is enough to restrain just one
vertex on each ol the components (the total of two vertices) in the axial
direction. Note that each part must be constrained individually because
parts can slide in the axial direction, the shrink fit contact is
frictionless.

This is actually an artificial restraint simply for the purpose of
removing rigid body motion, which is not allowed in structural FEA
and causes the solver to crash.

Alternatively, we can use the soft spring feature which is specified in
the study properties. We will demonstrate this option in the second part
of this lesson,

model.

Restrain the model by one vertex on
cach of the two assembly
components.

Select one vertex on the rim and one
on the hub (any vertex), right-click
Load/Restraint and select
Restraints.

Under Type, select Use reference
geometry.

Using the fly-out menu, select Zxis1 as reference plane.

Under Translations, specify that the displacement in the direction
along the axis (Axial) is equal o 0.

Now the assembly is fully restrained; it has no unconstrained rigid
body modes. Any other movement of the assembly must be associated
with the deformation.

e ——— ——— e R L LA L o e e B A T e TR R R A A e A i e AR A SR S i mtremem iy

Shrink Fit Contact Because the rim diameter is smaller than the wheel diameter, there is an

Condition interference in the SolidWorks assembly. COSMOS Works ¢liminates
this interference by “stretching™ the rim and “squeezing” the wheel if
we deline the contact conditions between the interfering faces as
Shrink Fit. Shrink Fit is one of the several types of local Contact/Gap
conditions available in COSMOS Works.

120 Shrink Fit Analysis
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Note

Shrink Fit Analysis

9

10

1

Shrink Fit Analysis of a Wheel Assembly

Define shrink fit condition.
To define a Shrink Fit, right-click
Contact/Gaps and select Define

Contact Set. SELECTED
] \ FACES
The Contact Set window appears.

Select Shrink Fit, Node to surface,
from the available types of contact
conditions.

Define one face (such as the face of
hub) as the source and the other face
(such as the face on rim) as the target.

Click OK.

Under the Friction dialog, we could specify the coefficient of friction.
In this analysis we will assume no friction.

Mesh the model,
Create a High quality mesh with the default
Element size of 0.15 in.

Note that, along the axial direction of the two
faces in contact, eight elements have been
created, which is adequate for this particular
analysis.

If we expected high gradients i the contact
stress distribution, then more elements along
the contacting faces would be required to
model contact stresscs.

Run the analysis.
Note that the solution takes longer than if the model were treated as
Bonded.
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Plot Results in
Local Coordinate
System

122

12

13

Plot von Mises Stresses.
Create and show the von Mises stress plot.

Under Settings. change the Fringe type to Discrete.
Make sure that the deformed shape is in the True scale.

Right-click the Stress-1 icon in the Results folder and select
Chart Options. Under Display Options select Defined and set the
maximum stress legend to 90,000 psi, which is the vield stress of the
rim material. Also, familiarize yourselfl with other ways ol modifying
the plot which are available in Chart Options.

The von Mises stress results indicate that a portion of the rim
experiences stresses above the material yield stress.

Select axis for stress plot reference.

Now let us prepare a stress plot showing hoop
(circumferential) stresses. For this we must
present stress results in a cylindrical
coordinate system with the 7z axis aligned with
the axis of the wheel assembly.

Right-click on the Results folder and
sclect Define Stress Plot.

From the SolidWorks Flyout Feature
Manager select Axis1. This is to be used as a reference in the stress
plot we are now creating.

Verify that Ax1s1 appears as the selected reference in the Plane, Axis
or Coordinate System box of the Stress Plot window.

Shrink Fit Analysis
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Defining Any axis defines a cylindrical coordinate system whose first direction
Cylindrical is radial, second is circumferential, and third is axial.
gootrdmate Therefore, Axis1 defines radial, circumferential, and axial directions
YHSmS associated with the axis position.
Using an axis as a reference redefines the meaning of the stress
components SX, SY, and SZ, which are normally associated with the
directions of the global coordinate system.
If an axis 1s used as a reference, definitions of SX, SY, and SZ undergo
the following changes:
m  SX becomes the stress
component in the radial
direction
m  SY becomes the stress
component in the
circumferential direction
m SZ becomes the stress
component in the axial
direction
14 Plot hoop stresses.
Because we are defining a stress plot showing hoop stresses, select the
SY stress component,
The SY stress component points in the circumferential direction, which
is the hoop stress.
Under Settings, select Discrete as the Fringe Option.
Set the Units to psi.
Under Chart Options, select Defined and set the maximum value of
the stress legend to 90,000 psi.
Set the Deformed shape scale to the True scale.
Note When a local cylindrical system is specified in the definition of the

Shrink Fit Analysis

result plots, the familiar triad icon is replaced with a new symbol
denoting a cylindrical system.
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15 Plot contact stresses.

Use exploded view. To display a plot showing the contact stress on

contacting surfaces:

Display an exploded view and select 2xis1 as a reference. Set the
Deformed shape scale to True scale.

Plot the SX component of stress with respect to Axisl.

The SX stress component, which corresponds to the direction normal to
the two faces in contact, is the radial direction and, hence, SX 1s the

contact stress.
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16 Probe stress results.

To probe the stress plot for detailed stress results, right-click the plot
icon and select Probe. An undeformed plot is required if we want Lo
probe for detailed stress results.

Stresses on both surfaces are, of course, equal. The negative sign
denotes stress towards the surface.
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Saving all plots

Shrink Fit Analysis

Each plot created in a study can be saved individually in any of several
formats available, To view the list of available formats, right-click any
plot icon, select Save as to open the Save as window, and examine the
oplions in the Save as type menu.

Most likely you will find the eDrawings format the most useful when
communicating the COSMOSWorks analysis results. Analysis results
stored in an eDrawings format can then be viewed with an eDrawings
viewer, which is available for free at www.solidworks.com.

Rather than saving result plots individually, it is &

also possible to save them in one step either in i #un Design Scenaro
JPEG or eDrawings format. Right-click the study = gy "
or the Resul ts folder to invoke the pop-up menu dla

and select either Save all plots as JPEG files or e

Save all plots as eDrawings. Properties...
Gooy
Savs ol plots as FPEG fles
Save af plobs as eDrawings
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What's wrong
feature

Using JPEG format, individual files will be created for each plot that
has been defined in the study. Using eDrawings format, all plots will
be stored in one file. In both cases, files will be located in the
COSMOSWorks report folder. (The report folder can be selected in
COSMOSWorks, Options, Default Options (New study). under
Results.)

Occasionally, when defining COSMOSWorks model or analyzing
results you may notice warning symbols @ @ & showing in
COSMOSWorks FeatureManager.

To find out what is wrong, right-click the item under a study (in
COSMOSWorks FeatureManager) accompanied by the warning sign
and select What's wrong to open the What’s Wrong window. This
window will list a description of the problem for that item only.

You can also request a summary of all the problems in a study. Right-
click the Study and select What's wrong to list all problems in the
study. This inquiry opens a window listing all problems in the study.

Analysis with
Soft springs

Earlier in this lesson we explained that to prevent rigid body movement
along the axis of the assembly, at least one vertex on both the rim and
the hub must be restrained in the axial direction. Without these
restraints the assembly would have zero stiffness along the axial
direction.

Now we’ll present an alternative way of preventing rigid body
movements in the model without restraining the two vertices.

Soft springs
option

126

Theoretically, we do not expect the model to sway in the axial direction
due to the action of some external loading (none that would cause such
action exists in our model). All of the loads, which are applied in the
form of the shrink fit contact condition, are inherently balanced. Finite
element method, however, does not recognize this fact and a small
inaccuracy, a numerical error, or mesh asymmetry may cause the model
to displace uncontrollably in axial direction. All such cases can be
stabilized by the Soft spring option.

When this option is activated, the model is surrounded by springs with
stiffnesses that are negligible relative to the stiffness of the model (see
the following figure). The finite element model is then stabilized and
restrained against all rigid body motions.

Analysis with Soft springs
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Note that the above procedure works as long as the model is self-
equilibrated, or the net magnitude of the external load is so small that
the soft springs are able to compensate for it.

Inertial relief Another method of preventing rigid body movements is Inertial relief.

option Rather than adding artificial stiffness to counteract the load imbalance,
as is done by selecting Use soft springs to stabilize model, this
option adds an artificial balancing load eliminating any load resultant
along unrestrained directions.

This options should not be used with the intention to stabilize an
analysis where gravity, centrifugal or some thermal loads are defined.

In our case, both the Use soft springs to stabilize model and the Use
inertial relief solver options can be used.

17 Create new study.
Copy the existing study shrink £it into a new study called soft
springs.

18 Suppress axial restraint.
Under soft springs study, right-click Restraint-2 and select
Suppress to release the axial constraint.

19 Select soft spring option to stabilize model.
Right-click the study soft springs and c4ox
+ @Ed

What's wrong?...

select Properties. = L8101 B mun
= g Run Design Stenario
.;;; Updats All Companents
s Bo o
e polete
(jRe
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Under the Options tab,

activate the Use soft springs
to stabilize model option.

Select the Direct sparse

solver.

Click OK.

20 Run the study.

21 Plot hoop stresses.
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Plot the distribution of hoop stresses.

Set the Units to psi.

Under Settings, sclect Discrete as the Fringe Option.

Set the maximum value of the stress legend to 90,000 psi.

SY (psi)

2.0008+004
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. 5.678c+004

L 4.5T1e+D04

Comparing the results above with the corresponding plot in the
previous study we see that they are indeed identical.
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Summary

Summary

Interference between assembly
components 1s allowed only if a
Shrink fit condition is present in the
assembly.

The results of a study with a Shrink
fit condition are best viewed using a
1:1 scale of deformation.

To see results on contacting faces,
use exploded view.

The results for axi-symmetric parts
are best viewed in cylindrical
coordinale systems.

Lesson 4
Shrink Fit Analysis of a Wheel Assembly

>

This observation particularly applies to stress results other than von
Mises siress. Von Mises stress, as a scalar value, is insensitive to the

choice of reference coordinate system.

To prevent the rigid body motions the model must be stabilized in the
axial direction. The most straight forward method is to restrain one
vertex (point) on each model in the axial direction. Allernatively, we
used the Use soft springs to stabilize the model option which
surrounds the model with a layer of soft springs to provide a minimum

stiffness in unrestrained directions.
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Objectives

Lesson 5
Static Analysis of a
Differential Assembly

Upon successful completion of this lesson, you will be able to:

Analyze more complex solid mesh assemblies with various contact
conditions

Use initial clearance in definitions of local No penetration contact
conditions

Auto-generate the local contact definitions
Analyze and judge the quality of solid finite element mesh
Use the Remote Load feature to simplify the analysis

Use and define Design Check plot
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Problem
Statement

Local Contact
Conditions

132

The differential assembly shown in the
ligure below is used to transmit a torque
from the vertical direction to the inclined
direction indicated by Axis1. The
assembly is welded to a secondary structure
at the four locations on the back side of the
bracket. The torque is generated by applying
a 2.5 N horizontal force to the handle. (In
the top view, this force is perpendicular to
the handle arm.)

The shaft along Ax1s1, rigidly connected
to the bottom yoke (Yoke female)and
passing through the bottom opening on the
bracket, is not modeled. It is assumed that, due 1o
improper manufacturing and elevated temperature
from the friction in the shaft/bracket contact, this
interface becomes temporarily blocked and the
shaft consequently transfers all the torque to the
bracket. (Further increase in the torque would
loosen this connection and the differential
assembly would begin to rotate.)

Furthermore, the geometry of the
shaft ensures that the

Yoke female and the
RevBracket do not come any
closer than the initial clearance of
3.469 mm (see the figure to the
right).

The goal of the analysis is to obtain
the distribution of stresses and strains in the components of the
differential.

In the first part of the lesson we will define all of the appropriate
contact conditions without the help of COSMOSWorks.

Open assembly.
Open SolidWorks assembly differential from the Lesson 5
folder.

Set COSMOSWorks options.
Set the global system ol units to SI (MKS) and set the units of Length
and Stress (o mm and N'mm? (MPa), respectively.

Store the results in the SolidWorks document folder in the Lessen 5
results subfolder,

Problem Statement
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Because we are not interested in the stresses and the deformations of
the crank arm, shaft, and knob, we will simplify the analysis by using a
remote load feature.

B — = e £ R TR TR T e S
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Remote Load The Remote Load option
found in the Load/
Restraints menu allows
the user to simplify certain
assemblics prior to meshing,
often helping reduce the size
of the mesh. For example,
examine a pot supported by
three outriggers. A load 1s
applied to the tip of each
outrigger.

We are not interested in the deformations and stresses of the outriggers
and we wish to concentrate solely on the analysis of the pot.

Taking advantage of the Remote Load option, we avoid modeling the
oulriggers and still are able to apply loads to the pot as if the outriggers
were present.

[nstead of analyzing the assembly, we analyze the pot as a part. Using
the Remote Load menu, we apply a load to the split faces marking the
area where the outriggers are attached 1o the pot.

s0Re® *

v %)

Troe .
(=} Load (Darect brannlar)
7 LoaetiMass (R ennnecton)

4 aardinote Systeril
{7 Drsplacement (Rigad conramtion)

 @owe
) e defined
Pl |
Lecatiors )
o s
bolo -
&l -
= | "
[Flkents: 2 | [Frement TS
o o A (he v
+ *
ol [
e (3

The point of application of the Remote Load must be defined in the
coordinate system selected in the Remote Loads menu.
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There are three ways in which Remote Load can be defined:

m Load (Direct transfer) is applicable if the omitted component (the
outrigger) can be assumed to be much more flexible than the
analyzed part (the pot). The load that would have been applied to
the outrigger is applied to the split faces of the pot and is expressed
by means of equivalent loads and moments.

®m lLoad/Mass (Rigid connection) is applicable if the omitted
component is very rigid and can be assumed to displace as a rigid
body. In this case the faces where the loads are applied are
connected by invisible rigid bars to the point of load application.

This option also allows you to specify a remotely located, isolated
mass. This feature is useful when the gravity (or another constant
acceleration load) is included or when performing a frequency
analysis.

m Displacement (Rigid connection), the third option in the Remote
Load definition, is also applicable when the omitted component is
very rigid and can be assumed to displace as a rigid body; however,
the load needs to be applied as a prescribed displacement. In this
case, the faces where the loads are applied are also connected by
invisible rigid bars to the point of the load application.

134
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Activate configuration Without crank.
This step suppresses the crank shaft, arm, and knob.

Define static study.
Define a new Static study with Solid mesh. Name it stress
analysis,

Assign material.
Right-click on the Solids folder and select Apply material to All.

Assign Alloy Steel material from the cosmos materials library to
all parts in this assembly.

Modify material of the bracket.

Under the Sclids folder, right-click on RevBracket -1 part and
select Apply Material to All Bodies. Assign 2luminum 21loy
1060 to this part.
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7 Define remote load.

Right-click Load/Restraint and select = ymm=
Remote Load. .f;:':: Show Al

& W Contact f Restraints...

& Mesh | L1 Pressrs...
[EIRepert| 4 porce...
* Emn“ur’m,._

4P Centriugal...

em
gl Begring Load. .

In reference to the following figure, specify Load (Direct transfer)
under the Type dialog, and select the face on the Yoke male knob
where the torque will be transmitted.

Note By selecting Load (Direct transfer), we are accounting for the
possibility of having looser connections between the crank sub-
assembly and the Yoke male part, and for the fact that the crank
shaft, armand knob are manufactured from material that is softer

than Alloy Steel.
"""" BIO[B] || i sz
te Loads/Mass %wm
+-1%] Lights and €
, 8) T) | % roee 2l
— [
(3) Load (Direct transfer) - ght
e
Ommn::ﬁw ER pesign Table
+ By (1) RevBracket_Bi<l>->7

connection) i +- 9 () voke_male_sc1> ¥
48 () spider_tuct>

o
D ] 4R ) voke_female Bct>
_ + B ()P <t > (LONG)
| #-% () PIN_Bicz> (SHORT)
| | ¥ () PIN_8<3> (SHORT)

R "&"’-\i-Gﬂ.pHCﬂ. Crank &<
@ {-) full_cranbeassy el >

+ B mares

|~ % Poirkl

i'J"

|- # pointz

" # point3

[] Show preview
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Under the Reference Coordinate System dialog, specify User
defined and sclect Coordinate System 1 from the SolidWorks
fly-out menu. The remote location of the force will be specified in this
local coordinate system.

In the Location dialog, enter the following coordinates:
x-location: 57.15 mm, y-location: 24.6 mm, and z-location: 0 mm.

In the Force dialog, specily -2.5 N in z-direction. (Note that the
components of the force are also specified in the local coordinate
system Coordinate System 1.)

Click OK.

Rename this remote force definition to Eemate load,

8 Restrain bracket.
Apply Immovable restraint to the four
vertices on the back face of the
bracket, as shown in the figure.

Rename this restraint to Immovable bracket.

Note This restraint simulates the fact that the bracket is welded onto a
secondary stiff structure.

9 Explode the view.
Explode the view for easier definition of the contact conditions.

As you will see, there are numerous contact conditions in this assembly
that must be specified. Due to the expected mutual slide of the parts in
contact, the global and the component No penetration condition types
can not be used (both of these conditions feature a Node to Node
option only). We will, therefore, define each contact condition
individually.
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10 Locate all contacts in the assembly.
Under Tools, sclect Interference Detection. Under the Options
dialog, activate the Treat coincidence as interference field.

Click Calculate.
Browse through and analyze the identified contact interfaces.

+ - differential (Yersion 2<Displa...

+ (18] tnterferencet - Coincident Inte ~
+ [ Inerferance? - Coinadant nte
# [ nberference3 - Colnadent Ints
# [ rkerferances - Coinciderk: Inte
# [l trwerferences - Coinciderk Inks
# [ Interferences - Coinciderk Inke
# [ InterferenceT - Concident Inke ,
IE: il >

Igniore:
| [ Component view

saw

Options ——y |
[] Treat concidence as interfersnce |
[} Shew ignored inkesferences

:DTMM&

DInd.ﬂe mulkibody part
interferences

[Z] take inkerfering paits transparent
[ Creste fasteners folder

11 Modify global contact.
Set the global contact to Free.

Note By modifying this condition we want to make sure that no two parts
will be bonded. All contacting faces will have local No penetration
condition delined.
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12 Define Yoke male and RevBracket & contacts.
Right-click on the Contact /Gap folder and select Define Contact
Set. Specify No penetration under Type and Surface to Surface
under Options.

Select the two faces on the Yoke male part as the Source, and the
two faces on the RevBracket as the Target (see the following
figure).

Activate the Friction dialog by clicking the appropriate check box and
enter the friction coefficient of 0.2.

RILE:Y
V) %))
F S ———

Mo penetration |

@ |Fa¢a<lw_mq_m

Face <3xipoke_male_B-|

| Dptians. .
CiMode to node

(Citode to surface
() Surface to surface

Note Leave the Gap (clearance) dialog inactive. This option will be
discussed later in this lesson.
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13 Define Yoke _male and Spider_& contacts.
Define No penetration, Surface to Surface contact sets with the
friction coefficient of 0.2, as shown in the following figures.

) Nadks to node:

(D) Node to surface
() Surface to suface

() Mode to surface
(&) Surface to suface
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14 Define Yoke female and Spider_ & contacts.
Define No penetrat!on Surface to Surface contact sets with the
[riction coeflicient of 0.2, as shown in the following figures.

2 Node to surface
(&) Surface to surface
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15 Define Spider & and PIN contacts.
Define No penetration, Surface to Surface contact sets with the
friction coeflicient of 0.2, as shown in the following figures.

Local Contact Conditions

va Pl

| Mopenetration v

() [ Foce<t>@spider 81

oy R.i
) Hods to node |
()t Node ko surface ;
I =) surface to surface |
| ElFriction: 2
| - ” =
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(%) Surface to suface

Elfriction: aanl®

S — 2l

As specified in the statement of the problem, the geometry of the shaft
ensures that the Yoke female and the RevBracket do not come
any closer than the initial manufacturing distance of 3.469 mm. We will
simulate this constraint with the help of the No penetration contact
condition with Gap (clearance) settings.

16 Define Yoke_female vs
Define a No AR Y
penetration, Node [ .
to Surface contact
set with the rim of
the cylindrical
opening on the
Yoke female as
a Source and the Sl .
face on the @ rﬂﬂmﬂdﬁ}i
RevBracket asa !

—A.. —= |

Target. O ik
R (%) hode to surface
Activate the Gap et
(clearance) option e =
box and select ' . :
i []Gap (clearance) 2l
Always ignore sy |
clearance. (See the ) tgnore desrance §
discussion on the <
Gap (clearance) . -
option.)
Note We specified a Node to Surface contact since our source entity is an
edge. The Surface to Surface option would not be appropriate in this
case.
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The above contact condition ensures that the two entities will not come
any closer than the initial manufacturing distance of 3.469 mm, but
allows them to separate.

Gap (clearance)
option

This feature enforces the contact offset equal only
to the initial geometrical distance between the
target and the source. The options of this feature [y
enables the user to select whether the initial o penetration v
geometrical offset should be applied to all of the | @
source and target entities within a specific contact
set or only to those with the initial separation
distance smaller than the User defined value.

LHVW

dgg-‘_:l >ifoke_femals

|options &
| CModetonode

(%) Node to surface

() surface bo surface

| EFriction:

| (%) thways lgnore clearance
i ) Ignore dearance F
L1

Let us demonstrate this feature on the following example:

Source (2 edges)

3mm 7mm

Y

Target {continuous)

m [fthe Always ignore clearance option is activated in the Gap

(clearance) dialog, no node along the specified source edges will
be allowed to come closer than their respective initial geometrical
separations of 3 mm and 7 mm. All the points along the source
edges will, however, be permitted to separate further.

m Il Ignore clearance if < 4 mm is specified, for example, the 3 mm

contact will behave as described above, while the 7 mm contact will
be allowed to fully close (if the appropriate load is specified).

Local Contact Conditions
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Rotational and

Axial stiffness

144

17

The last restraint must ensure that the cylindrical openings on the
Yoke female and RevBracket remain aligned and that these two
openings remain connected for the transmission of the torque (they are
physically connected by a shaft). Without this condition, the
differential is free to rotate and our solution may fail or be inaccurate.

Define Yoke_female and RevBracket connector.
Specily a Pin connector between the cylindrical openings of the
Yoke female and that of a RevBracket (see the figure below).

In the ('_Jonnection QTR [@]  |[FT M Vorsin 20,
Type dialog, make [ o SR

sure that both the ) %)(2) )

No translate and 1 A

No rotate options i
are NOT selected. i '

In the Elastic pin Y L,‘I Face<Z>@RevErackes {

Face <1 =&Y, ;.}:_eiqw.—i

dialog, enter 0 N/m Do ,

[or the Axial — -R-'

stiffness and | Dlisuassia |

5861.15 N-m/rad (o rokate

for the Rotational  asscpm 2

stiffness. . B s v
’, i ~ Mim

# lsmers o il

i — IS

Assuming a cylindrical shape with a constant cross-section, the
rotational stiffness can be calculated using the formula:

JG
Kror = 7
L
4 - ] . ~ - . -
where 7 = - is the polar moment of inertia for the circle with radius

r, G is a shear modulus of the material, and L is the length of the shaft
connecting our two points (effective length of the shaft). Substituting
our values into the above equation, we obtain K = 5861.15 N-m/rad.

The axial stiffness ol a cylindrical shaft with a constant cross-section
can be calculated using the formula:
- EBA
Kaxia = T

where E is the Young’s modulus and A = 27tr” is the cross-sectional
area of the circle with radius r.

s
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All of the necessary contact conditions have been defined.

Our main concerns are the components of the differential; namely,
Yoke male, Yoke female, Spider,andthe Pins. We will,
therefore, request a finer mesh for these parts,

18 Apply mesh control to selected parts.
Apply a local mesh control with the Element size of 3.2 mm, Ratio of
1.5, and Layers equal to 3to Yoke male, Yoke female, Spider,
Pin &<1>(LONG),Pin &<2>(SHORT) , and
Pin &<3> (SHORT).

eTRO®

For more accurate contact representation, the touching faces on the
above five parts will be discretized with fine mesh.
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19 Apply mesh control to faces.
Apply a local mesh control with the Element size of 2.5 mm, Ratio of
1.5, and Layers equal to 3 to all the faces in contact pertaining to all
five parts of our interest (those that we used in the previous mesh
control).

+ g differential JES

& |zs v mm w
% |us v
£0hH = |
- — = (
Symbol scttings ¥li

20 Mesh the assembly.
Mesh the assembly with Draft quality elements and the default
Element size of 10.9 mm and a Tolerance of 0,545 mm.

The resulting mesh is shown in the figure below.
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22

23

Local Contact Conditions
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Static Analysis of a Differential Assembly

Set properties of study.
Specity Direct Sparse solver for this analysis,

The Direct Sparse solver is specifically chosen because we have a
larger number of contacts and connectors, but the size of the model is
still rather small. We expect this solver to be more efficient than an
FFEPIlus iterative solver. In general, however, with the increasing size
of the problem, the FFEPlus iterative solver becomes more efficient
and would be our choice instead, For more information on solvers,
please consult Appendix A.

Run the study.
The study will run for approximately five minutes and complete
successully.

Display and animate stress results.
Display and animate the distribution of the von Mises stresses in the
model.

M T [4Ge+D03

vor Mises (Nan2)
7 D4Be+D03
6.459e+003

- 5ET2e009

- 5285009

. 4 B38e+003

_ 41118009
L 3524e+009

H
| 29380009
L 235184009
. 17644009

_ 147704

We observe that the stresses in many parts of our model are well above
the yield strength of Alloy steel (620 MPa).

5801 e+008

3. 2500+008

Note that our mesh is rather coarse and that Draft quality elements were
used. For reliable stress results, we would have to refine the mesh and
use High quality elements. We may also use a more efficient technique
to define the local contact sets.
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High Quality
Mesh Analysis
(Optional)
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In the second part of this lesson, we analyze the quality of the current
mesh, generate a new High quality mesh, auto-generate the contact
conditions, and post-process the results of the refined study.

First, let us have a look at the quality of our current mesh.

Analyze details of current coarse Draft mesh.
Right-click on the Mesh folder and select DBy
2 [ Res L
Details. & [ggres MeshendRn
Fallure Diagraostics. ..
Wﬁcwd..,
Craabs Mach Mot .
The dialog window lists the basic M
information about our current mesh. S aAa
r ot o » Mezh Diralt
Scroll all the way d{?wnrdnd note the Heth quly ok
three rows that provide information Total slements 20759
" Mawimum Aspect Ratio 18565
about the Aspect Ratio. (For the Percentags of slements s
. sl e . with Aspect Fistio < 3 :
detailed information on the Aspect Pactage denei e
Ratio, please consult Appendix A.) Tine lo conplete meshibhmarss) 000008
4 >
\\ y

The Maximum Aspect Ratio of 18.5 is rather large and the
Percentage of elements with Aspect Ratio < 3 of 97.5 is acceptable.

The overall judgement about our
mesh can be achieved by simple
visual inspection. Two Draft quality
elements per thickness of the Yoke’s
walls, as well as in through-thickness
direction in the pins, are not enough
for reliable stress and strain results.

In general, we would require at least four Draft (three High) quality
elements in the through-thickness directions when stresses or strains
are of any concern. A fairly coarse mesh of the RevBracket isnot a
major concern. We would, however, still require a minimum of one
(High quality) or two (Draft quality) elements through the thickness.
The contact interfaces do not necessarily need to be refined any further,
especially if' in High quality elements, unless contact stresses are of any
importance.

High Quality Mesh Analysis (Optional)
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Define new study.
Define a new Static study named stress analysis-refined.

Copy loads, restraints and mesh.
Copy the Load/Restraint, Solids, and Mesh folders to our new
study.

Define local contact sets.
We will take advantage of the automatic contact generation feature in
COSMOSWorks.

Right-click on the Contact/Gaps Y pp—
B

fold Fsal Fi = maﬁct@nbd(:utxtu.
older and select Find Contact Sets. T pr—
: Defins Conkact for Components, ..

BlRept .

Under the Options dialog, check the Touching
faces box.

In Select components, select all the parts and
subassemblies in our assembly. You can multi-
select all of the components by windowing the
assembly.

Click Find faces.

All detected contact sets are listed in the Results
dialog. You can browse through and view each by
clicking on it.

Select all found contact sets under the Results
dialog. Under Type and Options, sclect No ; _
penetration and Surface to Surface, | Results 2
correspondingly. e
Contact Set-16 (-Yoks_

Click the Create contact sets button. All the Pk e

contact sets will be generated and listed under the st
Contact/Gaps folder.

TS nopenetrstion v
Options | & yface to surface  w

Click OK to close the Find Contact Sets dialog.

[ trarsparent view

At this point, we would have to check each contact set and specify the
friction coefficient. Additionally, we would have to manually create the
last No penetration contact set with the initial geometrical offset
between the Yoke female and RevBracket. As this would be just
a repetition of the steps from the previous study, we will copy all of the
contact definitions from the previous study and remesh quickly instead.
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28 Delete all contact sets in study stress analysis-refined.

29 Copy all contact sets.
Copy all of the contact sets from the study stress analysis to the
study stress analysis-refined.

30 Modify mesh control on parts.
Maodify the mesh control on all the parts. Specily the Element size of
1.8 mm, Ratio o 1.5, and Layers equal to 3.

31 Suppress mesh control on contact faces.
The mesh control on the parts is already fine enough. Further
refinement of the contact faces is not necessary unless the contact
stresses are of interest.

32 Mesh the model.
Mesh the model with High quality elements, a global Element size of
3.2 mm, and a Tolerance of 0.16 mm.

The resulting mesh can be seen in the following figure.

We observe that the recommended numbers of elements in through-
thickness directions for all components are now satislactory.

33 Display the mesh details.

We note that the Maximum Aspect

Ratio decreased to an acceptable value [ -0 T

" s I 3 * 3 Mesh quait High
of 8.312 dnq that the Peicgmage of Mesh qutly e 1
elements with Aspect Ratio < 3 Tt loments 102122
) | Masimem Aspect Ratio 83818
increased to 99.6. Pescentage o clomeris i

with Aspect Fatio < 3
Meshes with these parameters can be Pl e 0
regarded as very good. % d Gecsed et : 3
L o
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Also note that the number of Total nodes increased 31 times (o
157075,

Due to the time required, this study has been calculated and its results
can be found in the completed and calculated subfolder of the
Lesson 5 directory on the CD accompanying this training manual.

Save and close this assembly.

Open the SolidWorks assembly differential completed.
Opendifferential completed assembly from the
completed and calculated - High Elements subfolder in
the Lesson & directory.

Display stress results.

. 34836007
- 3 DaTe007
- 3512007
l i .'_ 2177007

- 14 ed007

The plot indicated the maximum von Mises stress of only 52.2 MPa,
which is significantly smaller than the yield stress of the Alloy steel
(620 MPa). It can be seen that this stress is close to the contact regions,
while the stress within the parts 1s significantly smaller.

We would, therefore, conclude that this assembly is designed with the
sufficient factor of safety.

Design check plot

A Design Check Plot can be used to conveniently plot the distribution
of the factor of safety in the assembly. The procedure on how to define
this postprocessing plot and some of the features are shown and
discussed in the following step.

e mr———
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37 Plot a factor of safety distribution.
Right-click on the Results folder and select Define Check Plot.

As nearly all standards require the use of von " Design Check
Mises stress for the calculation of the factor of V) %) 1)

safety, choose Max von Mises stress in the first &%)
window. o — |
al ¥

B Mo von Mises stress. ~

Fvondlises < 1 |

Note The inequality | Zum | shown in the dialog window is not the
definition of the factor of safety and the user should not be confused by
this expression. It is a definition of the von Mises yield criterion used
by the software to identify material points that experience yielding
(with factor of safety < 1). Users should ignore this expression at this
time. It will become clearer as the user becomes more proficient with
the software and theory.

Click Next.

The second dialog window specifies the material g

constant that will be used as a comparison against V) %) 1)
the von Mises stress (selected in the previous )
windlow). Again, lsin-::? most of the standards P — 2
specify the material yield stress, select Set stress | || w2 v
limit to Yield strength. | setswessima

[ () b Yisld strength

: (" bo Litimake strength

[ Ote:

| .

Mudtipbe ation Factor

Yiedd strength:
6, 204228-+0085 Nfm~2
Uitimate stremgth:

7.23626+008 N2
Max stress in the modal:

van Mises stress;
5, 224e-+007 Njm~2
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Note We also remind the user that our computations are valid within the
scope of the linear elasticity traditionally limited by the yield stress
point on the material stress-strain curve.

Also note that the bottom of this dialog lists the materials used in the
assembly along with their corresponding yield strength information.
The units can be set at the top of this dialog window.

Click Next.

The third window allows the user to specify the V¥
quantity to plot. Select Factor of safety € %)

distribution, (Step3of3
(5 Pactor of safety
= distribution

i»

Click OK to generate the plot.

e stress
- distribution

y Aress below Factor of
' safaty

1

Safety resul

Based on the macdmim von
Factor of safety:

11,6762

FOS
1 D00e=002
l 9 Z66e+00
. B33 e+001
. 1.787e+001
. T 063e+00t

[ | e

L 558484001

L 41250
- 32 el

- 2 ESEe+00

I 1 S22e+00
1.168e+001

We can see that the lowest value of the factor of safety is 11.9, which
can be viewed as rather conservative.

38 Close the assembly.
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Summary
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In this lesson, we analyzed an advanced solid mesh assembly with
various contact conditions and connectors. The creation of the local
contact sets was shown and practiced.

The pin connector with specified rotational stiffhess was used to
simulate a real shaft. The remote load feature was used to remotely
apply the load without a need to model the linking parts.

We analyzed the quality of the finite element mesh and discussed the
optimum size of elements with respect to the characteristic dimensions
of the model.

Finally, a new postprocessing feature, Design Check Plot, was
introduced. In this lesson, we used this feature to plot the distribution of
the factor of safety and discussed various options available in the
definition of this plot type.

Summary
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Lesson 6
Shell Analysis of a Pulley

Objectives Upon successful completion of this lesson, you will be able to:
m Create a mid-plane shell element mesh
m Create a shell mesh from selected surtaces

m Perform structural analyses and analyze results using shell elements
on parts

m FEvaluate mesh adequacy to model stress concentrations
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Description

Model
Preparation
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In this lesson, we analyze a stamped steel pulley used as an idler pulley
in an automotive belt drive. It is known that the vertical resultant force
exerted on the pulley by the belt is 500 N. (It can therefore be found
[rom the force equilibrium that the corresponding belt force is equal to
353.55 N.) Qur goal is to determine the deformations and stresses that
develop in the pulley. Because one dimension of the pulley geometry
(thickness) is much smaller that the other dimensions, meshing this
geometry with solid elements is not practical.

To mesh the model properly with solid elements, we would need to
place two layers of tetrahedral elements across the thickness. Such a
mesh calls for a very small element size and consequently results in a
very large number of elements.

We will mesh this model with solid elements later for comparison, but
first we will use shell elements. We will construct a shell mesh using
two distinct modeling techniques: Shell mesh using mid-surfaces
and Shell mesh using surfaces.

We can take advantage of the symmetry of the geometry, loads, and
restraints by analyzing one half of the pulley while simulating the
missing half with symmetry boundary conditions.

The pulley is simple enough to analyze without using symmetry.
Idealizations (namely, using shell elements in place of solids and using
one half of the model in place of the whole model) are utilized here
only as a learning example,

Note

156

Open part.
Open the SolidWorks part file pulley. This file is located in the
Lesson 6 directory.

Split lines define a face extending over a 90° section of the pulley. This
area is where we apply a belt load as pressure exerted on the pulley.

Project Description



COSMOSWorks Designer 2007 Training Manual Lesson 6

Shell mesh
using mid-plane
surfaces

Shell Analysis of a Pulley

Make symmetry cut.

Unsuppress the cut (the last feature,
named symmetry) in the
SolidWorks FeatureManager.

Toggle to the COSMOSWorks
environment.

Set COSMOSWorks options.
Set the global system of units to S| (MKS) and the units of Length and

Stress to mm and N/mm? (MPa), respectively.

Store the results files in the results folder in the SolidWorks
document folder.

Create study.

Create a study named pulleyv shells-midplane. Select Static as
the Analysis type and select Shell mesh using mid-surfaces as the
Mesh type.

Working with
Midsurface Shells

COSMOSWorks issues a warning that
Shell Meshing in mid-planes works only
for simple, thin parts.

41'3 This optian warks only For simple thin parts.

This is because an automatic extraction of e ]

the midplane for more complicated

geometries may be impossible. A different approach is required in such
cases and will be practiced in the second part of this lesson.

Shell mesh using mid-plane surfaces 157



Lesson 6

Shell Analysis of a Pulley

Note

COSMOSWorks Designer 2007 Training Manual

As we will see, the pulley is indeed a simple thin part for which Shell
Mesh using mid-surfaces works well,

Note that the icon next to Body 1 is a surface - <f* Pulley shells - midplane (-1
expressing the fact that a solid geometry of the auts

= ey
pulley is represented through its midplane surface. ..

The material definition (AISI 1020) is automatically transferred from
SolidWorks.

An important observation is that we do not have to define the thickness
of this surface. The 2 mm thickness is based upon the geometry of the
SolidWorks part.

e —————

Note

158

For now, let us skip the definition of loads and restraints and go directly
to the mesh creation.

Mesh control.

Apply a mesh control on the
rounded face (see the figure) with
the default Element size ol 1.5
mm. Keep the Ratio and Layers
options at their default values of
1.5 and 3, respectively.

Alternatively, we could select
the inner rounded face (see
the figure). Both conditions
would indicate an identical
mesh control applied to the
rounded face located on the
mid-surface.

Create mesh.

Create a High quality mesh with the global Element size of 4.5 mm
and the Tolerance of 0.225 mm. Make sure that the Automatic
Transition option is off.

The resulting mesh can be seen in the following figures.

Shell mesh using mid-plane surfaces
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Note When the Create Mesh command is issued, + [ Solt e
SolidWorks first creates a surface named e a1
Midsurfacel, located in the midplane of the > Surface-tmported!
&> Surface-Imported?
model. & Surface-Impatted3
> Surface-Imported4
> Suface-Importeds

Midsurfacel appears in the SolidWorks
FeatureManager as an imported feature.

This surface is meshed with the shell elements.

@ Surface-Importeds
<> Surface-Imported?

Shell Mesh Colors A quick examination of the shell mesh reveals that the shell elements
on each side of the mid-surface have different colors. To interpret the
meaning of the colors assigned to the mesh, go to the COSMOSWorks
Options menu and display the System Options tab.

System Options - General

System Dptions | Diofouk Options (New Study]

| Genaral
Default Ubrary

WWhat's Wiann massages

S erore

[] Shewi waerings

Vizible lookbans

Main [[] Thesmal loads
[ Loads [ List rmauit tooks

[¥] Resiits lools ] Dezign scenane
[C] Dptarization [] Fatigue

Losd Festiant sumbol guakly

) Winehame

(5) Shaded

Mezh colors

Result plots

[] Dymasrie plot updatedTum off to impuove perfomance for large pidels)
[ List resul quaniities in heghes precision

1] Show vield strength maskes for vonMises plots
Eﬂiﬂwmdwwmrﬂﬂmhﬂ
[ Gaker chist backgreunsd color -

Foe:

(rame ] [Posbwe | [ Comow.]
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The Mesh colors section indicates that the shell bottom faces are
marked with an orange color. The shell top faces assume the part color,
gray in this case. This fact is very important in the postprocessing
phase.

Furthermore, we see that the inside and outside are colored uniformly
(i.e. gray and orange colors do not alternate on any side). Such aligned
shell mesh is required for correct postprocessing.

160

In some cases, however, the shell mesh does not need to be aligned at
the end of the meshing phase. In such cases, the mesh need to be
aligned manually. We can practice flipping the top and bottom of the
shell mesh with our current mesh.

Flip the mesh on one face.
Left-click on the face indicated in the
figure.

Right-click on Me sh and select Flip shell - g
= [ B Create taesh,.
elements. Mesh and Run

WIRSE g re pusgnostics...
Degais...
Bioply Mesh Contral...
Craste Mesh Plot. ..

2 ust selected
7 prote

Fip shell e{er.'ﬁ'ﬂ-:.
tide Mesh "

The result of this operation can be seen below.

We observe that the colors are not uniform and the shell mesh is
misaligned. While the finite element computations would be correct
with such misaligned mesh, the postprocessing would show
meaningless results along the lines of misalignment. The importance of
the shell mesh alignment is described in the discussion section below.

Shell mesh using mid-plane surfaces
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Shell Element
Alignment

Before proceeding further, we need to explain why shell element
alignment is important. Shell elements can model bending; therefore,
most often, different stress results are reported at the top and bottom of
shell elements.

Using the postprocessing options ——

for shell elements, we can choose Em—
to display the stresses onthetop | =

or bottom. Additionally, stress ==
distribution in the through- Gl
thickness direction can be ! :
divided into two components: ==l i
bending and membrane. All I =
four options are demonstrated in

the figure to the right.

BENDING MEMBRANE

T

Let us depart for a moment from
the pulley and examine a
rectangular cantilever beam
meshed with misaligned shell
elements.

Say we want to display the P1
stress (maximum principal stress)
at the top of the beam.

Because the shell element
orientation in the model is
inconsistent, the stress plot is in
error.

Now, instead of the P1 stress, we
plot the von Mises stress.

The fact that the plot is erroneous
again becomes obvious along the
line of misalignment.

This error is because stresses are averaged before the von Mises stress
is calculated. Averaging between the results on the top and the results
on the bottom of the shell elements across the misalignment line results
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in nearly zero stress. Having explained the importance of shell element
alignment, we now return to the pulley lesson.

Turn on this option to automatically align the surface of the generated

surface re- shell mesh. It can be found under the COSMOSWorks default options.
alignment
| System Options | Delault Options |
Lnikts Mazh qualty
LoadFestraint O Dualt
© High
Resulkts
- mww Meh conirod
t . 3
B Db Pk [T] Automatic tiansition
= b Static Study Results [ Smosth surlace
m Mesher lype
Plata @ Standaid
@Y FrequencyiBucking Study Resuts ) Aemate
= i Thermal Study Resuts
hP‘d‘.ﬂ lacobian check
= GDrop Test Study Resuks [4] Sokids
Flat1 (&) 4 points
m 16 poinls
- ” O 23 points
= @Faﬂg:f{udﬂam O M rodes
Flok2 [ 5hets
9 Optirizarion Study Resuks
= G Norlinear Study Results | shell suiface re-aigrment
;mi I T Autoenatic: loogsna for sobds
8 Align mesh.
Flip the mesh so that the bottom of the shell mesh faces the inside of
the pulley model. Make sure that the mesh remains aligned, i.e. colors
on both the inside and outside must remain uniform.
The resulting mesh can be seen in the following figure.

Note Provided that the mesh is aligned, there is no need to flip the mesh. In
our case, we flipped the entire mesh so that the bottom of the shell
mesh coincides with the inside of the pulley. The postprocessing then
becomes more intuitive.
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9

10

Shell Analysis of a Pulley

Apply fixed restraint.
Select the face on the inside semi-cylindrical face
and apply a Fixed restraint.

Although the restraint is applied to a face, it is
transferred to the shell element nodes.

Because the selected face is cylindrical, the default choice of restraint is
On cylindrical face. Do not use this choice.

Also note that Fixed and Immovable restraints are not the same
restraint conditions as they were in previous lessons. We are working
with shell elements, which have six degrees of freedom and need to
differentiate between Fixed and Immovable types of restraints.

Apply symmetry restraint.
Select the two faces in the plane of T,

symmetry, and apply a Symmetry boundary conditions
restraint.

——— e P S —————e N ———————

Symmetry
Restraints

This restraint simulates the half of the pulley that is missing from the
model.

The restraint is transferred to the edge of the mid-surface that is meshed
with shell elements.

Alternatively, rather that applying a Symmetry restraint o a face, we
can apply the same condition manually to either one of'the two edges of
this face. The restraint will still be transferred to the edge of the surface
that is meshed with shell elements, See the discussion in the second
part of this lesson for more information on symmetry restraints.

R T e s e L A LTI T [ T e e e o n
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Define pressure load.
Right-click Load/Restraint and select Pressure, and then select
Normal to selected face.

Select the face upon TR
which the pressure T

load needs to be _
applied, and definea  [wpe Al
pressure load equal to © hlarmat o sechedfaco

200,000 N/m? (Pa).

Click OK to save the definition.

Notice that we do not load the model by the forces in the belt. Rather,
we apply a pressure value simulating the presence of the belt.

Also, you may ask how we know that this 200,000 Pa pressure results
in the desired 500 N reaction force in the vertical direction. A lincar
static analysis with an arbitrary magnitude of the pressure was run
ahead of time. Based on the reaction force magnitude obtained in this
study, we were able to scale the pressure to 200,000 Pa to obtain the
500 N vertical reaction, We already used a similar proportionality
principle in Lesson 3.

Run the analysis.

List reaction forces. T Resg

Right-click the Results folder and sl
select List Reaction Force. ﬁﬁ;ﬁfm

B Define Strain Plot...

List Sress..,

B
13 ust Pijeot Force...
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Select the supported face.

Lesson 6
Shell Analysis of a Pulley

Set the Units to Sl. “*—“%’3’"7’5‘»4-!-‘—ﬁi=4-;= :
) X

The Reaction force (N) o n - V%Y =

and Reaction moment  GRestonforce

(N-m) dialogs show the sl

reaction resultants for the

selected face in the global o —

cartesian coordinate
system.

We observe, for example,
that the global y and x
components of the

reaction force resultant are '
approximately 250 N and | pesctiontorssc9. &
116 N, respectively. Component | Selection | Entre Model
Sum A 11681 -103.68
The reaction moments | e S
resultants about the x and | [Geaket R
|

J axes are
-0.73 N-m and -0.1 N-m,
respectively.

Note that 250 N vertical resultant force for half of the pulley
corresponds to the 500 N vertical reaction for the entire model.

The moment reactions reflect the fact that the pulley or the load is
asymmetrical with respect to the xy and xz planes. As expected, the
resultant reaction moment about the global z-axis is nearly zero, i.e. the
pulley as well as the load are symmetrical with respect to the yz plane.

Animate deformation plot.
To verify that the symmetry boundary conditions are correct, animate
the deformed geometry plot.

Right-click on the Results folderand = ﬂ?"

: . Sobver Messages. .
select Define deformation plot.

BE' ¢ osfine Design Check Pic...
Do o ocfine sressrio...
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In the Deformed Shape dialog, select . Deformed Shape plat
Automatic scale. v %) 1)

Deformed Shape —

(%) Aukomatic

fig [7mv ||
) True scale
O Definad:

fo:

Overlay the undeformed shape over the
deformed geometry.

Animate the plot.

Observe that the edge where the symmetry boundary conditions were
applied remains in its original plane (remains flat) while the pulley is
deforming.

The best way to report such results is to save the animation file in AVI
format.

Deformation plot Deformation plot displays the deformed geometry using SolidWorks
model colors. No contours, such as displacements or stresses, are
plotted.

15 Plot von Mises stresses.
Display the distribution of the von Mises 0 R @
stress. Edit the definition of the plot to make |

sure that the results correspond to the top ) @ %) *_U

face of the shell mesh. R
E
I& ¥ON: von Mises stress o
FI Nfm~2 b
b3
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Shell mesh
using surfaces
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Shell mesh using surfaces

Lesson 6
Shell Analysis of a Pulley

Analogously, define a new plot for the distribution of the von Mises

stresses on the bottom of the shell mesh.

won Mises (Nim"2)
54774007

l 5.93724007
539764007

. 485804007

. 431880007
L 3 77e0r
323304007

2 6330007

L 21586007

. . 1 E18e+007

1.075e+007
l "
0 000e+000

vor Miges (Nm"2)
80248007
7 386es007
| Beatero0?
_ G.0M8es007
. 535084007
~ p——
40200007
334300007
287500007
. 20084007
133784007

B BETe 05

0.000e+000

We observe that the maximum von Mises stresses on the top and
bottom of the shell mesh are 64.7 MPa and 80 MPa, respectively.

If the geometry is rather complicated, the automatic extraction of the
midplane may not be possible. In such instances, the shell shects must
be defined manually. This procedure will be demonstrated in the

second part of this lesson.

Define new study.

Define a new Static study named Pulley shells-surfaces.
Specify Shell mesh using surfaces as a Mesh type.

Note that the study folder now contains a new
folder named Shells (the Solids folder is

not present).

= @ Pulley shells - surfaces {-Default-)

@ hells

L8 LosdfRestraint

1Bl Design Scenaria

W, Contact/Gaps (-Global: Bonded-)
HMesh

{HIReport
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17 Define shell sheets.

Right-click on the Shells folder and = i Pulley shells - surfaces (-Default-)
select Define By Selected Surfaces.

Select all the outside surfaces of the pulley.

Specify the Thickness of 2 mm and Thin shell formulation.

When using the Shell mesh using surfaces mesh type option, the
thickness must be specified manually.

Also note that, as soon as the sheets are defined, the material
information (AISI 1020) is directly transferred from Solid Works.

A 8hell-1 iconis created in the Shells folder. Shell-1 groups
all the faces that will be meshed with thin shell elements 2 mm in
thickness.

We could also create Shell-2, Shell-2, and so on, with different
thicknesses and different shell element definitions (thin or thick) if
applicable.

Thin vs. Thick
Shells

168

m  Thin shell element technology assumes that the cross-section
perpendicular to the midplane remains straight and also
perpendicular to the midplane at the end of the deformation
(Kirchhoft theory). As a consequence, this shell element ignores the
shear deformation and stress in the through-thickness direction.
Thin, membrane-like structures with the span to thickness ratio
larger than 20 can be accurately modeled using this element.

m  Thick shell element technology assumes that the cross-section
perpendicular to the midplane remains straight after the
deformation takes place, but it is no longer perpendicular to the
deformed midplane (Mindlin theory). As a consequence, this
element assumes constant distribution of the shear deformation in
the through-thickness direction. Thicker shells where shear effects
become noticeable can be accurately modeled using this element.

Shell mesh using surfaces



COSMOSWorks Designer 2007 Training Manual Lesson 6

Shell Analysis of a Pulley

THIN THICK
BEFORE FENSIES - SRR
DEFORMATION \
MIDPLANE
AFTER /
DEFORMATION =

y=0 — =0 ¥ =consl — 7 =const

In both cases the distribution of the normal bending stresses can be
seen as linear.

—— <%
p—
— - ;: g §
_,_-—'—"--

- -

LINEAR DISTRIBUTION OF IN-PLANE STRESS IN
BOTH THIN AND THICK SHELL

18

Note

19

Apply fixed restraint.
Apply a fixed restraint to the semi-
cylindrical face, as indicated in the figure.

The choice of whether to apply this restraint on the inside or outside
face is no longer arbitrary. Since the shell sheets have been defined
using the outside faces, we must remain consistent and apply the
boundary condition on the outside face as well.

Apply pressure.

Apply Normal to selected face pressure to
the face indicated in the figure. Specify the
magnitude of 200,000 PA.
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20 Apply symmetry restraint.

In the case of the Shell mesh using surfaces mesh type, the
symmetry condition must be specified manually.

S %@

Al R \'b\
o et

vy

= N———

Apply Restraint, Use reference geometry type.

Select all the outside edges located on the symmetry plane.

Select Right plane as your reference entity.

Enter 0 mm in the Normal to selected plane field.

Enter 0 rad in both Along plane Dir 1 and Along plane Dir2 fields.
Click OK to save this restraint,

[T Ppr

Applying
Symmetry
Restraints

170

To illustrate a rule for applying symmetry boundary conditions,

consider a point on the plane of symmetry. Any displacement that
moves the point out of this plane must be restricted. Furthermore, any
rotation that inclines the plane of the cut from the plane of symmetry
must be restricted as well.

Shell mesh using surfaces
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The following table summarizes symmetry boundary conditions in the
three principal planes.

Symmetry Boundary Conditions
Plane of Symmetry
Xy ' 3 Xz

x translation free constrained free

y translation free free constrained

z translation constrained free free

x rotation r constrained free constrained
?otation constrained constrained free

z rotation free constrained constrained

21 Apply mesh control.
Apply a mesh control with a default
Element size of 1.5 mm to the
rounded face, as indicated in the
figure. Keep the Ratio and the
Tolerance at their default values of
1.5 and 3, respectively.

22 Mesh the model.
Mesh the model with High quality elements and the global Element

size of 4.5 mm.

Make sure that the shell mesh is aligned. Note that the orange color
identifies the bottom of the mesh. To be consistent with the first part of
this lesson, orient the mesh so that the bottom of the shell mesh
coincides with the inside of the solid pulley.

The resulting mesh can be seen in
the figure to the right.
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23 Run the analysis.

24 Plot von Mises stress.

Plot the von Mises stresses on both the bottom and the top of the shell

mesh.

von kises (Nm*2)
6.7 48e+007
' 6.1834e+007
" 5EHew007

. 3.059e+007
. 4.49T7e+007
3.0835e+007

337 3e+007
811 8+007

2 24884007

1 sssen0?
L 14240007
§ 5218+008

0 .000a+000

on Misss (Nn"2)

We observe that the maximum von Mises stresses on the top and
bottom are 67.5 MPa and 83.7 MPa, respectively. This translates to a
difference of 4% and 4.2% when compared to the first part of this
lesson, where the mesh was located exactly at the midplane.

[n many applications, the midplane extraction is not a trivial process.
Given the fact that shell mesh is applicable to thin sheet-like structures,
the above modeling error is rather small and commonly acceptable.

Shell mesh using surfaces
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Solid vs. shell
elements

The first two parts of this lesson introduced us to shell elements.
Having investigated shell specific modeling techniques and shell
element properties, we will now compare the results with those
produced by using solid elements.

Why? All solid bodies can be meshed using solid elements. In the
following section of this lesson we, therefore, demonstrate why the use
of shell elements is beneficial.

Shell Element
vs. Solid
Element
Modeling

Note

Note

25

26

27

28

Create new study.
Create a new static study named pulley solids and select Solid
Mesh as the Mesh type.

You cannot copy study pulley shells intopulley sclids
because they are of different types. You can, however, copy the Load/
Restraint folder from one study to another.

Create mesh.
Mesh the model with High quality elements and the default global
Element size of 3mm.

Run the analysis.

You can merge these two steps, mesh and run, if you select the Run
analysis after meshing check box in the Mesh PropertyManager.

Plot von Mises stresses.

von bses (M2
331 7e+007

T G2de+D0T

|, 633164007

. 6.238e+007
| ssasen07
455284007
415824007
348504007
277 2007
| 2078007

L 1.3BBe+007

5,03 e+006

1.2 Be+000
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von Mizes (Win2)
B3 Fes007

[ 7 62484007
YT

1 356e+007

1 21 8e+000

The maximum stresses on the outside and inside faces of the solid
pulley are approximately 67 MPa and 83.2 MPA, which compares quite
well to the solutions obtained from the shell studies.

von Mises (Mm~2)
8.3 Tes007

l 7 B24me007
5 831 e+007

Mode 8736 (2.516-0H5 .23.7 0,761 mT)'

Note, however, that this mesh features one element through the
thickness while two layers of high quality elements are recommended
as a minimum.

Refined solid

mesh
29 Create new study.
Create a copy of the pulley sclids study and name the new study
pulley solids dense.
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Refined solid mesh

30 Mesh the model,

Lesson 6
Shell Analysis of a Pulley

Mesh the model with an Element size of 1 mm. This element size
ensures that two layers of elements are placed across the wall thickness,

which is 2 mm.

31 Run the analysis.

32 Plot von Mises stresses.

Create a von Mises stress plot.

von Misss (N2}
B.BE3a+007
T 3590007
T Z36e+007

. 651204007

2,5042+007

. 2ATies00T

1.4474007
I 7 23684006
3.8152-001

The maximum von Mises stresses on the outside and inside are 61 MPa
and 86.8 MPa. The dense solid element mesh reports a more “regular”

shape of the stress concentration.
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Results
Comparison

Computational
Effort

The following table compares the displacement and stress results from
the four studies that we solved in this lesson.

Displacement von Mises

Study [mm)| Stress [MPa]

! D.O.F.
|
|

pulley shells

e 0.306 (bottom)
- midplane

80 (bottom) | 14,538

pulley shells

- surface 83.7 (bottom)

0.338 (bottom) | 25,398

pulley solids 0.315 83.2 56,259_

pulleysolids

s 0.318 86.8

878,652

|
l

The summary table also lists the number of degrees of freedom in each
model. While the model is open, locate the file with the OUT extension
in the COSMOSWorks database to view this information. The number
of degrees of freedom can be used as a measure of computational effort
required to obtain the solution. Lower computational effort is directly
related to the time and cost required to run a study.

Note that the models produce practically identical displacement results.

Compare the number of DOF for the pulley sclids and pulley
solids dense studies to see that the dense model is 14 times larger.
The stress results of both solid models are within 5%, demonstrating
that the model with two layers of elements 18 not really necessary in
this case.

The reason for the 8% maximum difference in the stress results
between shell and solid models is that shell elements can not account
for the shift of the neutral bending layer towards the inside of the pulley
curvature.

We must then conclude that solid elements provide more accurate
results when analyzing models with highly curved walls in bending.

Summary

176

The pulley lesson introduces us to shell elements and familiarizes us
with concepts such as shell element thickness and orientation.

Both the Shell mesh using mid-surfaces and Shell mesh using
surfaces modeling technigues were introduced and used to build the
finite element model.

Results Comparison
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Symmetry boundary conditions were used in both modeling
techniques. While the convenient Symmetry restraint type was used in
the case of Shell mesh using mid-surfaces, it is not applicable for
Shell mesh using surfaces. Manual application of this restraint was
introduced and practiced as well.

The concept of mesh adequacy was also addressed, and the results and
modeling differences between shell and solid element models were
discussed. It was concluded that solid elements may produce results
that are slightly more accurate than those produced by shell elements,
provided the solid mesh is sufficiently fine. This can, however, leadto a
substantial increase in the problem size which may become intractable.
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Exercise 5: Shell Analysis of a Bracket Using Selected Surfaces

Project
Description

Analysis of
Bracket With No
Welds

A sheet metal bracket has been designed to support a side load of
100 1b (load applied in the x-direction of the global coordinate system).

We consider two design configurations:

m  One without any welds
m  One with welds connecting the mitre flanges

We compare the maximum displacements and maximum von Mises
stresses for these two configurations.

Open part.
In SolidWorks, open the part file horseshoe and examine the two
configurations:

m nowelds B withwelds

In the with welds configuration, a total of eight extrusions have been
added to connect the mitre flanges.

no welds with welds

The geometry lends itself to meshing with shell elements, but is too
complex for the Shell mesh using mid-surfaces type of mesh. You
can try creating a shell element mesh using mid-surfaces to see why
this method does not work, To create a finite element mesh, we must
use the Shell mesh using surfaces method of creating a shell element
mesh.

Activate the no welds configuration.

Create study.
Create a study named no welds analysis.

Select Static analysis as Analysis type and Shell mesh using
surfaces as the Mesh type.
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4 Define shell sheets.
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Right-click Shells and select Define By
Selected Surfaces.

Select all the exterior faces,

Enter 0.12 in. as the shell element
thickness.

Select Thin as the shell element type.

Click OK to accept your selections.

Define material properties.
Assign Galvanized Steel to the faces in the Shel1-1 group.

Create mesh.

Specify High quality elements and
accept the default Element size of
0.538 in.

Make sure the Automatic Transition
option is cleared in Mesh Options.

Shell elements should be consistently aligned to ensure correct stress
averaging along the boundaries’ separating faces.
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Note

Apply fixed restraints.

Select the outside edges of the end
faces on both sides of the bracket and
apply a Fixed restraint.

Having created a shell element mesh on the outside faces of the
bracket, it becomes clear why restraints must be applied to the outside
edges. If we apply restraints to the entire end faces, the restraints are
not transferred from the geometry to the shell elements, as there is no
mesh on these faces.

Apply 100 Ib force.

Apply a load to the top face of the
model (RBase-Flange3)as
indicated in the figure.

Moment Load

The Force definition window also allows you to apply a load in the
form of moment.

This option is possible because shell elements have six degrees of
freedom (three translational and three rotational) and, thus, can be
loaded with either a force or a moment.

Run the analysis.
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10 Plot resultant displacements and von Mises stresses.

URES (in}
40456002
| 3 7080-002
I aamre00
- 30346002
26072002
b 2aspenn2
!@, 2.0226.002
I 1 5ese.002
1340002
10112002

l 6 741e-003

337 1e-003
35378032

Use a True scale deformation factor.

won Mises (psi)
2 E2ao+004
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% 1.316e+004
! 1097 e+004
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—®iald srength 2 9588400

The highest stresses in the configuration without welds are located at

the sharp re-entrant edges of the sheet metal bracket.
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Note

Analysis With
Welds

1

12

13

14

15

16

As you recall from Lesson 2

(I bracket), the numerical
values of these stress results are
meaningless, as they are singular at
those locations.

Activate the with welds configuration.

Create new study.
Create a study named with welds analysis using the same study
options as in the previous analysis.

Copy loads and restraints.
Even though the study no weld analysis is inactive, you can copy
loads and restraints.

Define shell sheets.
Define all of the external faces as sheets. Specify 0.12 in as the Shell
thickness and Thin shell technology.

Mesh the model and align shell elements.
Use High quality elements with the default Element size.

Run the analysis.
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17 Plot resultant displacements and von Mises stresses.

URES fin)
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10586003
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66138004
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l 1.3230-004
3937e-0332

Comparison of the resultant displacements between the model without
welds and the model with welds shows a reduction of the maximum
displacement from 0.04 in. to 0.0016 in.

van Mises (psi}

2013e+003
1 845e+003
1 67T8a+003
. 1511e+003

1.34 36003
1.176e+003
1.0098+003

| B15a+002

L grazer00z
L5 065e+002

- 3.3966+002

l 1.7230+4002
5.013e+000

—Pviold srengin 2 9560408

The maximum von Mises stress results are not easily comparable
because of stress singularity in the model without welds. We can,
however, observe that the maximum von Mises stress magnitude is
2,013 psi, which is below the yield stress of the galvanized steel

(29,579 psi).

18 Save and close the model.
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Objectives

Lesson 7
Connectors, Special
Supports and Contacts

Upon successful completion of this lesson, you will be able to:

Perform analysis on different configurations of a SolidWorks
model using COSMOSWorks

Use pin connectors and hinges

Use virtual wall local contact condition

Use bolt connectors

Use spring connectors

Use spot weld connectors

Apply restraints in a local coordinate system

Analyze results in a local coordinate system
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Connectors Mate definitions in the SolidWorks assembly do not translate into
contact definitions in COSMOSWorks. Therefore, from the point of
view of COSMOSWorks, the components of the assemblies are un-
attached until we define the proper contact conditions or connectors
describing interactions between the assembly components.

The main purpose of this lesson is to practice the various connectors
available in COSMOSWorks.

Note Depending on the type of connector used, certain contact conditions
have to be defined between connected components.

The following table lists the available connector options:

Connector Type Definition

Rigid Defines a rigid link between the selected
faces. The connected faces do not deform.

Spring Connects a face on a component (or solid
body) to a face on another component (or
solid body) by distributed springs with the
specified normal and shear stiffness. The
stiffness values may be entered as distributed

or total values.

The two faces must be either planar and
parallel to each other, or cylindrical and
coaxial.

You can specify a pre-load for the spring
connector.

The following types are available:

Compression Extension
Compression only
Extension only

Pin Connects cylindrical faces of two
components. The following two options are
available in the pin definition:

1. No Translation. Specifies a pin that
prevents relative axial translation between
the two cylindrical faces.

2. No Rotation. Specifies a pin that prevents
relative rotation between the two
cylindrical faces,

The stiffness values corresponding to the
axial and rotational directions may be
specified as well.

186 Connectors
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Connector Type

Definition

Elastic support

| Defines an elastic foundation between the

' components are assumed constant and

selected faces of a part or assembly and the
ground. The faces do not have to be planar.
A distributed stiffness at a point on the face
represents the stiffness density associated
with an infinitely small area around the point.

The tangential and normal stiffness

directed in the directions tangential and
normal to the face at every point.

Bolt

Defines a bolt connector between two
components or between a component and the
ground.

Bolts both with and without nuts are
supported.

Material specifications directly from the
material libraries and various preload options
are available.

Spot weld

Defines a connector simulating spot weld
between two solid faces or two shell faces.

Link

Ties any two locations on the model by a rigid
bar that is hinged at both ends.

The distance between the two locations
remains unchanged during deformation.

Link does not restrict rotations at both ends.

Project
Description -
Hinges, Virtual
wall, and Elastic
support

A scissor lift used to lift a 400 Ib. weight is operated by an external
hydraulic cylinder connected to a slider traveling on a base.

The load is assumed to be evenly distributed between the two rollers
which, in turn, evenly split the load between the arms. This way each
arm is loaded with a 100 Ib. force.

Project Description - Hinges, Virtual wall, and Elastic support 187
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We would like to find the
displacements and stresses in the
lift components at the collapsed
position of the lift arms. We are not
interested in contact stresses in the
pin joints, nor the stresses in the
base.

1 Open assembly.
Open the assembly model 11 ft and familiarize vourself with the
collapsedand extended configurations of this assembly.

The goal of this analysis is to analyze the assembly in the collapsed
configuration,

2 Activate the configuration collapsed.

Note Note that the weight,
hydraulic cylinder,
connecting pins, and many
other details are not
modeled, and the
SolidWorks assembly 11 £t
depicts the scissor lift in a
somewhat idealized way.

3 Create study.
Create a study named collapsed. (Static analysis, Solid mesh.)

4 Assign material properties.
Specify Plain Carbon Steel for all of the components.

5 Check for assembly interferences.
Under Tools, select
Interference Detection.

Activate the Treat
coincidence as interference
option.

Click Calculate.

188 Project Description - Hinges, Virtual wall, and
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Note

Note

Connectors, Special Supports and Contacts

We observe that there are the only two parts in the assembly with
touching faces.

Since we are not interested in the deformations and stresses in the base,
we will suppress this part to simplify our mesh. At the same time,
however, we must correctly represent the contact condition with the
corresponding friction forces. This can be achieved by using a Virtual
wall contact condition type, described in the discussion that follows.

Suppress the base part.
Update all components.

Because the base part was suppressed after the study collapsed
was defined, we have to update the study components.

Right-click on the study collapsed Hct'ems'mmﬁ'ﬂ'!;

and select Update All Components. ?:‘;ﬁa it
R
i =

Note that the component base is now show in the color gray or not
present at all, identifying it as inactive.

Virtual Wall

In general, the Virtual wall contact condition is specified between a
face/edge/vertex on a source part and a target reference plane
commonly representing the surface of the suppressed part. In our case,
this contact exists between the bottom face of the slider and the base
plane (modeling the top surface of the suppressed base).

It is possible to specify whether the target plane represents a rigid or
flexible object. If the latter option is selected, both the axial and the
transverse stiffness values must be specified. For information on how
to correctly calculate these values, consult the knowledge base article
titled Axial and tangential stiffness for virtual wall and drop test.
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8 Define Virtual wall.

Right-click on the Contact/Gaps folder and select Define Contact
Set.

P it (colspsed <Display State-1>)

Qlj’ ﬁ@ - + &) Annotations
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(B/imfin~z
§i 6.1957E4007 v
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In the Type dialog, specify Virtual wall.

Select the bottom face on the s1ider as a Source and the base
plane as a Target.

Specify the Friction Coefficient of 0.1. Under Wall Type, select
Flexible.

Enter the values of 2.4325e8 Ib/in/in? and 6.1958e7 Ib/infin as Axial
stiffness and Tangential stiffness, respectively.

Click OK to save the virtual wall settings.

Hinge Restraint

190

The connection between the lift arms and the base has to be simulated
as hinges.

The Hinge type of restraint suppresses radial and axial translations,
which are defined in the local cylindrical coordinate system associated
with the cylindrical surface.

Exactly the same restraint can be defined using the On cylindrical face
type of restraint where we restrain the radial and axial displacement
components,

Project Description - Hinges, Virtual wall, and
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Note

Connectors, Special Supports and Contacts

Using the Hinge restraint, we assume that the base is rather stiff and
does not deform. If the elastic behavior of the base must be accounted
for, it would have to be included in the analysis.

Note

10

Define hinge restraint.
Under the Load/Restraint folder, select Restraints and then
select Hinge.

Select the two
cylindrical
faces initially
connected to
the base.

Click OK.

Define Pin connectors.
Define two rigid Pin connectors between the four arms, and two rigid
Pin connectors between the armand slider.

For all the pins, allow the relative rotation and restrain the relative
translation between the connected components. For rigid pins, keep
both of the stiffness fields at zero.

® Ij m @ . 1+ Wt (collapsed <Displary Stabe-13)

VOV

i) Al

For an explanation of the Pin connector, please refer to Lesson 4.
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11 Define restraint on slidexr cylindrical face.
To model the support provided by the hydraulic cylinder, select the
cylindrical face on the cylinder lugof slider (Cut-Extrude3)and
right-click Load/Restraint and select Restraints.

Il YE R

oY .

A

E’;}fi-\._-a--.-.uy.'h-‘ T L]

v %2

Select Use reference geometry and the Right plane as a reference.
Restrain translations in the normal direction.

Click OK.

This definition simulates the support offered by the hydraulic cylinder.
Note Note, however, that by applying restraints to the entire cylindrical face

we ignore the realistic distribution of stresses between the cylinder pin

and the lug, This modeling simplification is acceptable because we do
not intend to investigate the contact stresses in the lug.

The model is now fully constrained even though the assembly
components are not touching each other except for the one pair of faces
with local Node to node contact conditions.

192 Project Description - Hinges, Virtual wall, and
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Connectors, Special Supports and Contacts

Apply force on 1ink components.

Apply a downward force of 100 Ib to each of the four cylindrical
openings at the free ends of the four 1ink components. The total
weight distributed equally between all four locations is thus 400 Ib.

Bearing Load

Applying the load to the entire cylindrical hole is an acceptable
simplification because we do not intend to analyze contact stresses
developing between the arms and roller pins.

Note that there is a more accurate way to apply load to a cylindrical
hole that still does not require contact stress analysis. It is called a
Bearing Load.

A load defined as a bearing load is applied to a portion of the
cylindrical face (this requires splitting the face), and its variation is
described by a cosine function to simulate the contact pressure
distribution.

13

14

Create mesh.

Mesh the model with High
quality elements and
without Automatic
transition. Use the default
Element size and the
Tolerance of 0.427 in and
0.021 in, respectively. The
resulting mesh can be seen
in the figure below,

Run the analysis.
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15 Plot von Mises stress and resultant displacement.

won Mizes (psi)

11682004

I 1 0710004
9.7 30e+ 003
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. 28356+000

1.9638+003
I 9,906e+002
1. BESe+00
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3.580e-002

3.28%-002
| 25850002

. 2588e-002

3073e-003
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We observe that the model is not yielding and the resultant
displacements are rather small.
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16 List lug hole reaction force.

17

To determine the cylinder
force required to maintain
the equilibrium of the
collapsed scissor lift
under the 400 Ib. weight,
list the eylinder lug hole.

Right-click the Results
folder and select List
Reaction Force.

The reaction force in the

x-direction, which 1s the

direction of the hydraulic
cylinder, is approximately
1,400 Ib

sSTRe

List contact and friction forces.
Right-click the Results folder and select List Contact/Friction

Force.

Select the bottom face
on the slider and
click Update. In the
Contact/Friction
dialog, specify Total.

The Normal force (-
component) is equal to
200 Ib., which amounts
to half of the total load
(the second half is
carried by the two hinge
restraints).

The Friction force (x-

component) is equal to - |

18.9 lb. We can easily
verify that this result is
correct by caleulating
200 x 0.1 =20 1b.

0.017613
200,89

ao:v

OR.uammfuu
() Remote load interface forca

_..lum

*_ :

Forcotpe: [ TTRERIN

i':_ﬁl_l'pﬂﬂiS*ttl:n Erﬁul'-hdul

Sun X 012226015 0.
200 -E.9901E-01%
-6 S32IE-015 .
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Note

18

The small difference between the theoretical and numerical values is
caused by a rather coarse mesh at the contact interface. You may try to
refine the mesh and observe the friction force approach the value of 20
Ib.

Analyze deformation of slider.

Plot the deformed shape of the slider in highly magnified scale. (You
may hide all of the remaining components in SolidWorks to view the
deformed shape more clearly).

We can see that the middle part of the
s1ider detaches from the base; the
contact is provided only by very small areas
on both sides.

Also note that, to accurately model the contact stresses, a highly refined
mesh would be required.

Analysis with
base (optional)

196

19

20

21

22

23

The results from the previous study can be verified by running the same
analysis with the base included in the finite element model.

Create new study.
Copy the study collapsed into a new study named collapsed
with base.

Unsuppress part base.

Update components.

Update All Components in the study - @t @ Collapsed with base (-collapsed-)
collapsed with base. You should see = ?gﬁm
the part base listed under the Sclids : g:;
folder. :gaﬂ
& Finks
# Watcer

Assign material to part base.
Make sure that Plain Carbon Steel material is assigned to the part
base.

Delete Hinge restraints.
Since the elastic base 1s now included in the model, the hinge restraints
are no longer needed. Delete them.

Analysis with base (optional)
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24

25

26

27

28

29

Connectors, Special Supports and Contacts

Define additional Pin connectors.

Define the Pin connectors between the Link parts
and the base. You may explode the view to ease
the definition. These connectors are replacing the
hinges deleted in the previous step.

Define fixed restraint.
To define a support, on
the bottom face of the
bhase, create a Fixed
(or Immovable)
restraint.

Redefine the contact.
Change the contact set
definition to No = oniteR
penetration, sclect Node V) X)
to Node and set the | .
Friction Coefficient of ‘

|

)

0.1.

Keep the bottom face of
the slider as a Source
and specily the top face of
the base as a Target.

Click OK.

Create mesh.
Mesh the assembly with High quality elements and the default
Element size o 0.6 in. Do not use Automatic transition.

Run the analysis.

List lug hole force.
The reaction at the lug hole is 1400.2 lb., which agrees with our
previous results.

Analysis with base (optional) 197
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30 List contact and friction forces.

31

The normal and the friction forces at the s1lider & base interface are
200 and -18.9 1b., which also agree with the previous results.

Save and close the assembly model 1ift.

Problem
Description -
Using Bolt
connectors

198

A bar is attached to a base plate with two loose fitting bolts: bolt
diameter is 0.57, hole diameter is 0.5625".

Eye bolt

Base Plate

Bar

The base plate is supported along both sides. The eve bolt is
loaded in vertical and horizontal directions with 250 Ib forces, as
indicated in the figure below. It is assumed that the eve is rather stiff
and provides a nearly rigid connection between the forces and the strip.

Both the bar and the base plate are manufactured from steel AISI
1020.

VERTICAL LOAD
FIXED SUPPORT 250 LB.

FIXED SUPPORT
HORIZONTAL LOAD
250 LB.

Problem Description - Using Bolt connectors
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1 Open Assembly.
Open the assembly model bolt joints.

Notice that the bolts, nuts and
washers have been suppressed.
This is because in this exercise
we will use bolt connectors. To
account for the missing eyebolt,
we will apply the horizontal load
as a remote load on the
cantilever beam.

2 Create Study.
Create a study named two belts - torque preload (Static
analysis, Solid mesh).

3 Show Exploded View.

4 Create Bolt Connector.
In the exploded view, right-click Load/Restraints folder and
select Connectors.

In the Type list, click Bolt Connector. T — |

i
s
O Grounded

Under Type, select With nut.

Activate the Head/Nut diameter option.
Select the Head and Nut

A AL |, -
diameters, ki
) . i ' ©wahnt Fead dameter (o) [1_|
Clear the Tight fit check box. : L :xd-:%w -
ortue 1570
Enter 1 in for the head and nut OG_'“"‘*’"I Friction 02
diameters. -

In the Diameter box, enter the
value of 0.5 in.

Problem Description - Using Bolt connectors 199
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Under Material, sclect Library. ——— =
. . ) Custom

Click Select Library. B beary
Select Alloy Steel from the cosmos material @E—ﬁ-—‘
library. sl o

El [engsnoes) v
In the Material window, click OK. B

&

o
Under Preload, select Torque. P =
In the Torque box, enter a value of 1570 (1b.-in.). il ;ﬂm -
Specify the Friction factor of 0.2. Otorae
You can verify with hand calculations that the @[ S
corresponding axial bolt force is 15,700 Ib. R -

Consequently, bolt tensile stress equals 79,960 psi
which is 88% of the yield strength of Alloy Steel.

Bolt head and nut The head and nut contact faces have to be included in the definition of

contact faces the bolt connector. The contact faces can be generated manually in
SolidWorks using split lines, in which case, the option Head/Nut
contact faces would be activated.

Head contact face

..

Nut contact face

If no contact faces are created in SolidWorks, COSMOSWorks will
generate them automatically. Select the Head/Nut diameter option to
activate this functionality.

Head diameter

5 SRR . =S

Nut diameter

200 Problem Description - Using Bolt connectors
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Bolt Tight fit and
Diameter

Bolt pre-load

Connectors, Special Supports and Contacts

The Tight fit option controls not only whether the bolt shank is in direct
contact with the hole, but also whether the walls of the bolt hole may
deform or not.

m [fthe stiffness of the bolt material is significantly smaller than the
stiffness of the material of the bolted components, the presence of a
rather soft bolt shank will not have any substantial effect on the
deformation of the hole walls. In such a case, the Tight fit option
should be cleared.

m Ifthe stiffhess of the materials are comparable, or the stiffness of’
the bolt material is greater than the stiffness of the material of the
bolted parts, the Tight fit option should be activated.

m [l the diameter of the bolt is smaller than the diameter of the bolt
hole, the Tight fit option should always be cleared. In this case, the
stiffness characteristics of the materials are not important.

Bolt pre-load can be defined directly by entering an axial force or
indirectly as a torque. When the torque (7) value is entered,
COSMOSWorks calculates the axial bolt force, which is the
corresponding bolt pre-load, using the following formula:

T
K xD

where D is the diameter of the bolt, and K is the friction factor (also
commonly known as a torque coelficient).

The exact formula for the friction factor X is rather complicated and
can be found in Mechanical Engineering Design by J.E. Shigley
(1986). However, the value of K= 0.2 is a very good approximation for
most practical cases.

A —

Define second bolt connector using aforementioned properties.

Define Contact conditions
For correct modeling of bolted connections we need to define a contact
condition between the two assembly components.

Because we expect a horizontal slide along the interface, a local No
penetration, Node to Surface contact condition is required.

Define a No penetration, Node to Surface
contact set between the two components, as
indicated in the figure.

Problem Description - Using Bolt connectors 201
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7

10

1

202

Apply vertical load.

Apply a vertical upward load of 250 Ib to
the split face surrounding the hole at the free
end of the cantilever beam.

Apply remote load,
Apply a horizontal 250 Ib force, as
indicated in the figure.

Use local Coordinate Systeml
to specify the location of the force (0, 0, 2
in) and the magnitude (250 Ib, 0, 0).

As mentioned in the beginning of this problem, we assume that the
eye bolt is rather rigid. Thus, use the Load/Mass Rigid connection
option.

Select both the bottom and the top contact
faces as Faces for Remote Load. This
reflects the reality in which most of the loads
are transmitted through the friction forces
between the bolt head/nut and the bar.

Apply Immovable restraint.
Apply Immovable restraints to the
two side faces on the base plate.

Mesh assembly.
Create High quality mesh with the default Element size of 0.285 in.

Run the analysis.

Problem Description - Using Bolt connectors
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12 Review Results.

Review the area where the highest stresses are located and notice that
the size of the “hot spot” is smaller than that of the element size.
Therefore, stresses in this area are reported with a large error.Mesh
refinement would be required to obtain accurate maximum stress
results.

13 Plot details of deformation.
Analyze the details of the
deformation using a
Deformation result plot in
magnified scale.

It can be seen that the bar and <& s *"'}_5@'—"}‘_ t_‘
the base plate separate from
each other.

14 Review bolt forces.

To review bolt forces, right-click the 5 [ T
i i S w Solver Messages...
results folder and select List Pin/

B Define Design Check Flot,..
Bolt Force. B Define Stress Fik...

B Define Dsplacement Piat...
B Define Strain Plat.,..
Define Deformation Pk,

List Stress..,
Iﬁ List Reaction Force. ..
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15

PinfBolt Force

| 25665 13766 004078 14003
086426 000023043 asm
£9385 133,06 Q006 70761

Bolt Connector-1 and Bolt Connector-2 are the first two bolt
connectors that we defined. The corresponding axial bolt forces are
15697 1b. and 15711 b,

As compared to the bolt preload of 15,700 Ib., the effect of the external
load is very low. A negligible change in bolt axial load is desirable if
we want to avoid bolt loosening.

Save and close the assembly.

Project
Description -
Stress Analysis
of a Shock
Absorber

204

A miniature shock absorber
consists of a tube, a plunger, a
clamp, and a helical spring. In
this section, we investigate the
stresses that develop in the
plunger collar when the assembly
is compressed with a 3 N force.

Stresses in the helical spring are
not of interest. Therefore, we
remove the spring from the
model, and replace it with an
equivalent spring connector.,

Project Description - Stress Analysis of a Shock
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Calculate First, the stiffness of the helical spring must be calculated. For this we
Compressive analyze the spring individually.

Spring Stiffness 1o calculate the compressive spring stiffness:

1 Open part.
Open the SolidWorks part spring copy.prt.

Note For convenient application of restraints and loads, disks have been
added to both ends of the spring. The distance between the disks
corresponds to the active length of the un-compressed spring.

2 Set COSMOSWorks options.
Set the system of Units to S (MKS) and the units of Length and
Stress to mm and N/m? (Pa).

3 Create study.
Toggle to COSMOSWorks and create a study named spring
stiffness (Static analysis, Solid mesh).

4 Review material properties.
The material properties (Alloy Steel) are transferred from SolidWorks.

5 Apply Fixed restraint.
Apply a Fixed restraint to the end face of one disk (item 1).

6 Apply radial restraint.
Apply a restraint in the radial
direction to the cylindrical face of
the other disk (item 2).

This restraint only allows the
spring to be compressed (or
expanded) in its axial direction.

7 Apply compressive force,
Apply a 0.1 N compressive force to the end face of the disk with the
cylindrical face constrained in the radial direction.

8 Mesh the model and run the analysis.

Use High quality elements with the default Element size and
Tolerance of 1.394 mm and 0.07 mm, respectively.

Calculate Compressive Spring Stiffness 205
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9 Plot z displacements.

COSMOSWorks Designer 2007 Training Manual

UIZ (mm)

- 28302001

3.907e-004
3.581e-001
3.2552-001

. 2804000
2279001
1 8538001

1.627e-001

Displacement results indicate an axial displacement of 0.391 mm. The
axial displacement is in the z direction.

Coil Spring Axial
Stiffness

Therefore, the axial stiffness of the spring is 255.7 N/m. (k = f/x).

We use this result to define the spring connector in the next model
using the equation /= kx, where k=255.7 N/m.

Alternately, we could use an approximate formula for the stiffness of a
helical spring (Mechanical Vibrations by S. S. Rao, 1993).

Gd®

8nD’

KAX]A -

where G is the material shear modulus, d is the diameter of the wire, D
1s the mean coil diameter, and n is the number of active turns.

Substituting our values (n=8.75,d=1mm,D=17 mm, and G =
7.9¢10 N/m) into the above formula gives an axial stiffness of
approximately 230 N/m. We will, however, use our accurate result of
255.7 N/m.

EPESS

Analyze Shock
Absorber

Assembly
10

206

Having determined the stiffness of the helical spring, we can proceed
with the analysis of the whole shock absorber.

Open assembly,
Open the assembly file named shock and suppress the helical spring
(part file Front Spring).

Analyze Shock Absorber Assembly
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Note

1

12

13

14
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Create study.
Create a study named shock assembly (Static analysis, Solid
mesh).

Apply Immovable restraints.

Apply an Immovable restraint to the
cylindrical face of the eye belonging to the
Shock Tube (item 1).

This restraint fully restrains the Shock
Tube component.

Restrain Shock Plunger.

Apply restraints in the radial and circumferential directions to the
cylindrical face of the eye (item 2) belonging to the part Shock
Plunger.

Use On cylindrical face as the Type of restraint.
With these three constraints, the assembly model is left with one rigid
body motion. The Shock Plunger can slide in and out of the tube

because the Shock Plunger and Shock Tube are disconnected.
We connect these two parts with a spring connector.

Define spring connector.
Right-click Load/Restraint and select Connectors.

Select Spring from the list of available connector types.

Spring connector
types

Under Type, we can specify whether the spring is r—
active in both compression and tension, compression L=
only, or tension only.

The options Flat parallel faces, Concentric G Fist pavalel Foces
cylindrical faces, and Between vertices specify the oz aindis
characteristics of the spring end entities. () Between vertices
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Under Type, select Compression T ————_
Extension with Flat parallel faces. I

; | 1"_“!_ =' 1 -
As shown, specify the selected face on !@J s |

the Shock Tube (item 1) as the
Planar Faces of Component1 and
the face on the Shock Plunger
(item 2) as the Parallel Faces of

Component2.
2
Note Which face is selected as planar and parallel is not important.
Spring connector Under Options we can specify the Normal and (etions. —r3
options Tangential spring stiffiess values, Both quantities = v
can be expressed as Total (N/m or Ib/in), or ‘-::W"
Distributed in the units of (N/m)/m? or (Ibf’in).f’inz, & LUW S
for example. il
© pie & [o ¥ (Wim)fme2
Both the Compression preload and Tension O Soneresson proload
preload can be input. (&) Tension proload force
I o vum
Under Options, select Total stiffness and enter P T—————
255.7 N/m in the Normal direction. The Shock El |st v
Tube and Shock Plunger are now connected. gm
Total
Click OK. ﬁ =57 ~ Nfm
-3t * Nim
OCwu!m prafoad

15 Apply force to shock plunger.
Apply a 3 N load to the split face on
the eylindrical face of the Sheck
Plunger ear in the direction of the
rod.

The load 1s applied normal to
Planel,
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Apply mesh control.

Apply mesh control to the fillet face
onthe Shock Plunger where a
higher stress concentration can be
expected.

Specify a local Element size of 0.5
mm and the default Ratio and
Layers of 1.5 and 3, respectively.

Mesh the model,
Mesh the model with High quality elements with the Element size of 1
mm and the Tolerance of 0.05 mm.

Run the analysis.
Run the analy.sw and note that the solver e e e
issues a warning about large bt s

displacements.

Click No. The analysis will then
complete.

Would you e to stop the program and resun
with Large Dtsplacement flag acthvated?

Large
Displacement
Warning

In this case, we ignore the warning because the large displacements
caused by clasticity introduced by the spring connector are translations
only. The rotations of the assembly components are restricted and the
deformations are very small.

You may run the solution with and without the Large Displacement
Contact/Connector flag activated to verify that both runs produce the
same results.

Large displacement analysis is a subject of Lesson 12.
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19 Plot von Mises stresses.
We note that the maximum
stresses of 2.5 MPa are well
below the yield strength of
the Alloy Steel (620 MPa).

For more accurate stress
results, we could further
refine the mesh around the
fillet, but that is not the
main purpose of this project.

20 Plot displacements.
Plot the distribution of the
UZ: Z Displacement in the
True Scale.

yon Miges (Nm~2)
2458e+005

l 22534005
L 204Be+005

- 1.843e+006

. 1.636e+005

143484006
122804005
102484006

L 818204005

. B dda+005

. 4098+ 005
I 2 DaBe+005
561 8e-004

UIZ ()
1.7 3e 001
I 1.07 52001
L B T7Te«000
- B 7359e+000
. T H22e+ (00
- B 344e+000
§ GEGe+000
4 B39e-000

3.811e+000

. 2933e+000

1 855e+000
I 9777800
-8 0838.008

We observe the maximum displacement of 11.7 mm, which is in
accordance with the linear spring equation (u, = F/k = 3/255.7=0.0117

m=11.7 mm).
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Problem
Description -
Using Spot
Welds

Defining Spot
Welds
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A tube is fabricated out of two sheets of SPOT WELDS
galvanized steel 0.04” thick. The two | N
pieces are joined by 10 spot welds on
each side. The spot welds are spaced 17
apart and the diameter of each spot
weld is 0.1257.

We use FEA to investigate torsional
stiffness of the assembly by finding the
torque required to twist the tube by 1°.

The twist angle of 19 is arbitrary. We
are not attempting to duplicate any real N\ SEOT WELES

life test conditions. We intend to use

the results of this numerical test to compare different spot welds
configurations. The two-piece design is the first configuration we test.

Open Assembly.

Open the assembly model tube
solid and examine two
configurations: complete tube and
half tube. The assembly consists of
two identical parts, tube 30. Examine
part model tube 30 and note a split
line added to locate the positions of
spot welds.

SPLIT LINE

Activate complete tube configuration.

Set COSMOSWorks Options.
Set the system of Units to English (IPS), the units of Length and
Stress to in and psi, respectively.

Create study.
Create a study named tube solid (static, solid mesh).

Review Material properties.
Verify that the material definition (Galvanized Steel) has been
transferred from SolidWorks to COSMOSWorks.

To define a Spot weld, two faces which are connected by the spot weld
and it’s location need to be specified. This location can be specified on
either one of these two faces.

To specify the spot weld location we can use a reference point (it must
be assembly reference point, not part reference points) or a vertex. In
this lesson we will use vertices created from split lines.
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6 Define Spot Welds
Spot welds are defined as connectors, To define a spot weld, right-click
Load/Restraints folder and select Connectors.

In the Type list,
click Spot welds.

Select Spot weld
first face, as shown
in the figure.

Then select the
connected face on
the other part (see
the figure) and select
all Spot weld
locations.

In the Spot weld
diameter, enter
0.125in.

This way, all spot
weld locations on
one side are defined
in a single restraint.

Click OK.

7 Similarly, apply spot welds at all the
other 10 locations on the other side
of the tube.

8 Apply restraints.
Now apply restraints to the faces at each end of tube.

Select the Use reference geometry type of restraint and select the
assembly axis as reference geometry. This way, the directions of
restraints are aligned with the cylindrical coordinate system defined by
this axis. The first component is radial translation, the second is
circumferential rotation (expressed in radians), and the third is axial
translation.
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Select the two faces on @ /F i @

one side of the tube and PR D

restrain the V) %2
Circumferential O ———— |
displacement | Usrefererce geometry v
component (enter 0 [ Rectouea e |
rad). | ||
Click OK. : _ |
T IR
LT.__j &
B [n &
é n
[ O
[IReverss dirsction i
g in |

Prescribe rotation at the other end.

Analogously to the QFR[E[B] [ ssaat.
previous condition, | Restraimt

apply a 19 (0.0174 VXY

rad) Circumferential Trpe - 3

displacement to the s refcence guametr | |

two faces on the

||
1

; |
opposite end. ‘

Note that the prescribed displacements defined on both ends of the tube
do not restrain the assembly in the axial direction. The model can move
in axial direction as a rigid body without experiencing any deformation.
The model will be stabilized using the soft springs option.
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10 Use soft springs to stabilize the model.
Right-click on the study tube solid and select Properties.,

Under the Options tab,
activate the Use soft F) T MIWI-EM — m

spring to stabilize
model option. il

[ Inchude global ficton Friction coalficiens, | 0.05

Select the Direct sparse
[igrere clestance for surtace contact

solver.
4 [ Laige displacement
Click OK. D Cairpaks s bt s
Sobver
2 Automatic [l Use inplane sifect
(&) Divect spase: L Use soft spring to stabdize model
) FFEPus [:Iq%uwrﬂ

11 Define Contact.
Before meshing the model we make an important modeling decision:
we assume that the two halves of the tube interact with each other only
through spot welds. Consequently, we model the contact condition
between touching faces of the two halves as Free.

Set this option in the Global Contact PropertyManager.

Assuming that there is no interaction other than specified through the
spot welds, this conveniently simplifies the model because we do not
have to solve contact conditions. However, it is a reasonable
assumption considering that thin spot welded sheets often “come apart”
in-between spot welds.

12 Apply mesh control.
To avoid excessive element turn
angle, apply a mesh control with
the default Element size of 0.121
in and the Ratio and Layers equal
to1.5 and 3, respectively, to all
four fillet rounds.

Element Size (In). [0.121353
[Ratio: 1

Generally an element turn angle of 45° or less is preferred. Turn angle
459 means that one element face “wraps” over a 45° arc.

The figures below show the mesh with and without the mesh control
definitions.
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“#m
T

NO MESH CONTROL MESH CONTROL ARPPLIED
ELEMENT TURN ANGLE 80 DEG ELEMENT TURN ANGLE 30 DEG

Spot Welds -
Stress
concentrations

Note that the mesh has only one element across the wall thickness.
Generally two layers of second order elements are recommended. One
layer is acceptable for the analysis of deformations but may produce
high stress error in detailed stress results.

We accept one layer of elements because we intend to use this model
for the analysis of deformations, not stresses. Besides, models with
Spot welds connectors are not suitable for detailed stress analysis.
Spot welds connector models point to point connections, which
mathematically results in infinite stresses near the spot weld.

Models with Spot welds are suitable for analysis of deformations and
global stresses, which is our intention in this model.

Also, the model geometry would be better meshed with shell elements
than with solid elements. We use solid elements to practice Spot welds
connectors with solid geometries. Later in this lesson we will solve the
same model using shells,

p—— e R T E————

13

14

Mesh the model.
Create a High quality mesh with a default Element size of 0.243 in.

Run the analysis.
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15 Plot von Mises stresses.
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3.5766+005
. ZB51e+005
1 77005

9025004

2 BZ3e+003

Von Mises stress results indicate high stress near spot welds. As we
said before, any stress results near spot welds are unreliable.

Resulting torque
extraction

To calculate the resulting torque, we first list the y-component of the
reaction force in the cylindrical coordinate system and multiply it by
the radius (see Exercise 3 for an additional example).

216

16

List reaction force in cylindrical system.
List the y-component of the reaction force in the cylindrical coordinate
system defined by Axis1 (see the following figure).

The
circumferential
component of
the reaction
force is
1.068e5 Ib.

e T L k. ——o=iih
Sm¥ | 0.011085
| -4.75138+005
| 457866012 4.6703E-012
| 475134005 72,454
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Spot Welds -
Shell mesh
(optional)
18
19
Note
20
21
Note
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Calculate resulting torgue.
The average radius is 4.98 in. Therefore the resulting torque T is:

T=1.068e51b. x 4.98 in. = 527.9e3 1b. x in.

We can compare the results of the previous study with the results of'a
study using shell elements. This study will also show the use of spot
welds for shell sheets that are not in direct contact.

Create new study.
Define a new Shell mesh using surface, Static study named tube
zhells.

Define shell sheets.
Define one sheet for each half of the tube. Specify the Thickness of
0.04 and use Thin shell technology.

Use the outside faces to define the shell
sheets.

Assign materials.
Make sure that Galvanized steel is assigned to both sheets.

Apply restraints.
Apply a 1° circumferential displacement to all the edges on one side.

Restrain the outer edges on the other side against the circumferential
displacement (rotation).

Make sure that you apply the
restraints on the outer edges where
the shell sheets were previously
defined.
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22

Define spot welds.
Similarly to the previous study, define the spot welds.

K e i e e s e e

e

Spot welds on
sheets not in
contact

Notice that the two faces welded via the spot
welds are not in direct contact.
This feature of COSMOSWorks can be used

extensively in more complex shell and mixed
assemblies.

Note

218

23

24

25

26

27

Apply mesh controls.

Similarly to the previous study, apply mesh controls to the four fillet
rounds. Use the default Element size 0 0.12 in and the Ratio and
Layers of 1.5 and 3, respectively.

Mesh the assembly.
Create a High quality mesh with a default Element size of 0.364 in.

Apply soft springs and specify solver type.
Similarly to the previous study, activate the Use soft spring to
stabilize model option.

Specify the Direct sparse solver.

Run the analysis.

List reaction force and calculate torque.
Using the identical procedure as in the previous study, list the
circumferential component of the resultant reaction force,

The resulting force 1s 1.056e5 Ib. Therefore, the corresponding torque
is 1.056e5 1b, x 5 in. = 528e3 Ib. x in., which corresponds very well to
the results obtained in the study tube solid.

We used a radius of 5 in. rather than the average radius of 4.98 in.
because the shell sheets were defined using the outside tube faces. A
rather small difference in the radii would translate to a very small
difference in the resulting torques and can thus be neglected.

This fact was, however, already in our modeling assumption: a small
difference in the inner and outer radii enabled us to use the outer faces
for the definition of the shell sheets rather than the real midsurface, the
extraction of which can be cumbersome.

Spot Welds - Shell mesh (optional)
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Summary
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The main focus of this lesson was the use of connectors, special
supports, and contacts in an analysis with COSMOS Works.

In the 11 £t assembly model, by using pin connectors we avoided
modeling the pins themselves, and by using a virtual wall we
climinated the need to mesh the base. These features allowed us to
simplify the model.

The hinge support was used to model the connection between the arms
and the base. This approach, however, did not produce accurate stress
results around the pin holes and hinge supports, and we could not
account for the flexibility of the base.

Accurate stress analysis of these regions would require modeling the
pins and the base explicitly in a contact stress problem.

We saw how friction can also be used in the virtual wall contact
analysis.

In the bolt joints assembly model, we used bolt connectors to
simplify the model by eliminating the nuts and bolts from the assembly.
This approach is acceptable if only the bolt forces, for the subsequent
bolt design using various tables, are of interest. The bolts have to be
modeled if the real detailed stress distribution within the bolts and their
vicinity is required. This is, however, rarely the case.

In the shock assembly model, we analyzed an assembly and used a
spring connector to simplify the model by eliminating the spring
component. Of course, this approach is acceptable only if the spring
itself is of no interest in the analysis.

Using the tube solid assembly and part files, we analyzed the use of
Spot Welds. In both the solid and shell element models, we observed
that spot welds result in very high unrealistic stress concentrations that
have a localized effect only. While they have no effect on the solution
of the entire structure and can thus be ignored, they greatly simplify the
problem and reduce the required computational time.

We also discussed the fact that for accurate stress results in rounds and
fillets, a 90° fillet should be meshed with a minimum of two layers of
elements.
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Lesson 8
Mixed Meshing - Analysis
of an Impeller

Objectives Upon successful completion of this lesson, you will be able to:

Discuss mesh compatibility problems in mixed solid and shell
clement meshes

Use mixed meshes for different types of analysis

Understand the concept of compatible vs. incompatible meshing
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Mixed Meshing

222

Review the impeller geometry to
notice that it consists of a “chunky”
core with thin blades attached to it.

The core would mesh well with solid
elements while the thin blades would
be well represented by shell
elements. We will use the mixed
mesh capabilities of COSMOS Works
to construct a mesh where solid
elements “coexist” with shell
elements 1n the same study.
However, we will see that it takes extra efforts to ensure mixed mesh
compatibility.

You will recall from “Introduction to FEA™ in the [irst chapter of this
volume that nodes of a solid element have three degrees of [reedom,
meaning that node displacement is fully described by three
translational components.

You will further recall that nodes of a shell element have six degrees of
freedom. Displacement of a shell element node is described by three
translational components and three rotational components.

Z LS
DEGREES OF FREEDOM OF DEGREES OF FREEDOM OF
A MNODE OF A SOLID ELEMENT A NODE OF A SHELL ELEMENT

We usually show these displacement components (or degrees of
[reedom) as aligned with global coordinate system. However, degrees
of freedom may be presented in any coordinate system.

Because nodes of solid elements do not have rotational degrees of
freedom as compared to nodes of shell elements, an attempt to connect
shell and solid elements results in an unintentional hinge along the
common edge.

Mixed Meshing
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Modeling Issues

Mixed Meshing

The rotational degrees of
freedom of shell element nodes
have nothing to *“hold on to” at
the interface with solid
element nodes. Theretore,
these rotations remain
unconstrained, forming a hinge
along the connecting edge.

With a hinge joint present, we
have a discontinuous
displacement field
(discontinuity of rotations) and

Mixed Meshing - Analysis of an Impeller

SHELL ELEMENTS

SOLID ELEMENTS

possible rigid body nodes in
the model.

The incompatibility between shell and solid elements that lead to
unintentional hinges is not specific to COSMOSWorks. It occurs in any
FEA software every time we try to connect elements of different type
having nodes with different numbers of degrees of freedom.

In COSMOSWorks, an “untreated” connection between solid elements
and shell elements not only creates a hinge, but solid and shell portions
of the mesh remain completely detached.

To connect them, we must define proper local contact conditions
along all connecting edges. This restriction has two important
consequences for the end user:

- The finite element mesh will always be incompatible across a
contact interface

- The bonded entities (regardless whether they are solid-to-solid,
solid-to-shell, or shell-to-shell) do not need to be in direct contact.

The above two consequences are important in simplifying the
meshing of the solid geometries using mixed mesh in
COSMOSWorks.

Models intended for mixed meshes may need to be prepared
specifically with this purpose in mind.

Portions intended for shell meshing may (do not have to) be

modeled as surfaces.

Shell elements could be created from designated faces of a solid
geometry, but this makes the solid geometry unavailable for
meshing with solid elements. Thus, every thin solid intended for
shell meshing must be an independent body.

Shell and solid mesh entities do not have to be in direct contact.
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Supported
Analysis Types

Mixed Mesh:
single body
parts

Note

224

This benefit, stemming out from the need to detine a local contact
condition for all the contacting edges, has an important modeling
advantages, as we will see in the next few lessons.

Mixed meshing is available for Static, Frequency, Buckling, Thermal
and Non-linear studies.

Before we proceed with the analysis of an impeller, we will first
introduce the modeling concepts described in the above paragraphs.

In this section we will learn that solid geometries intended for solid and
shell geometries must not be together in a single body.

Open part.
Open part model rotor 01,

Create Mixed Mesh study.
Create a mixed mesh static study by selecting

v) %) 7R
Mixed mesh as the mesh type. ,._,.,J el 2

Name this study single body.
£ mized mesh v

L, Hy— el

Review Study. Grotor 01
Note that, in addition to the familiar Solids
folder, the study also contains a Shells

=] %m

folder. 5 o 01
DlBedy 1arPattemz)

ip =

+ s Beams
14 LoadRestrant
[l Design Scenario
TR ContactiGaps (-Global: Bonded-)
B Mesh

[ Report

Notice that the Sc1ids folder contains only a single part.

Mixed Mesh: single body parts
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4 Define Shell surfaces.
Right-click the Shells folder and select
Define by Selected Surfaces (o indicate
which surfaces should be meshed with
shell elements.

Select one side face on each blade,
designating them for meshing with shell
elements.

In the Shell thickness box, enter 6 mm.
Keep the default Thin shell technology even though it is not important
in this study.

Once the Shell Definition PropertyManager has = & singie body (-Defauit-)
. 3 = Sodds
been closed, notice that all solid geometry has > @ otor 01
been deleted and the Sclids folder contains mmﬁf‘mﬂiﬂpmﬁ
only surface features! § ekt
+ %Bqans
14 Load/Restrant
[l Design Scenario
@) ConkactGaps (~Global: Bondad-)
® Mesh
[H|Regort

5 Mesh the Model.
Mesh this model with the default mesh size. After meshing this model.
notice that the mesh consists of four detached pieces for only the shell
surfaces.

i P L P P Wi
-

This example illustrates that we cannot just mesh faces of solid models
with shells. Instead, we must prepare a combination ol solid and
surface geometry for a model specifically intended for mixed mesh
modeling.

To illustrate this, we will analyze the model rotor 02, where blades
are represented by a surface geometry.

6 Close rotor 01 part.
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Mixed Mesh:
multi body
parts

Note

226

7 Open part. S =

Open part model rotor 02a.

Create Mixed Mesh study.

Create a Mixed mesh study named mult i - & multi bady part (-Defoult-)
. - Solids
body part. l’?%,muza
; (& Body LTrPatternt(1])
Note that we now have the same part with each [ ey 2(spt Lre3)

@ 8oy 3(chratremi[2]

solid geometry as an independent body. TRk it

I[& Body S(Extrude)
1 shels
+ %B&m
18 Load/Restramt
Define Shell surfaces. o e

Right-click the Shells folder and select
Define by Selected Surfaces to indicate
which surfaces should be meshed with shell
elements.

Select one side face on each blade to define it
as a shell sheet,

In the Shell thickness box, enter 6 mm. Keep W
the default Thin shell technology.
Click OK.
Notice that once the definition of the shells has = df mui body part (-Defsun-)
been comp]eted,. all the corresponding bodies ?g‘f‘m -
have been deactivated. £ bordy H(CePattemi[1])
[C)Body 2(5pit Line3)
& Body 3 CrPatterni[2])
<~ Body HCirPatterni[3])
> Body S{Extrudes)
= I Shells
¢
+ %B&m
Qmadmemdm

Remember that the model in the mul ti body part study rotor 02
is not ready to be solved. In order to keep the mixed mesh in one piece,
we would have to define local bonded contact conditions between the
solid face and the blade shells.
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Also, we could question how the nodes of the finite element are aligned
along the contact lines. This is a subject of the next section.

Compatible /
Incompatible
Meshing

In the following exercise, we will learn the difference between
compatible and incompatible meshing. We will use solid mesh
assembly for this purpose.

10 Define a new study.
Define a new Static, Solid mesh study named rotorZa-solid

11 Apply mesh control.
Apply mesh control with the Element size of 1 mm and the default
Ratio and Layers to all four blade bodies.

V) %1
Selectedentities
[:r; ..

[] Show prevview

Compatible mesh When compatible mesh is requested, the parts in the assembly are
meshed so that a smooth mesh transition between any lwo parts is
achieved. The nodes along the interface are then imprinted one upon
another and merged to ensure the bonding. If compatible meshing fails
at some interface, the software will attempt to generate incompatible
mesh for the two parts involved.
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12 Set global compatible bonding.

Right-click onthe Contact/Gaps folderand BT TS
select the Set Global Contact option, V) %)
Make sure that Bonded is sclected under the — ™Mese= f‘-?
Touching faces dialog. | Youching faces Al
(%) Bonded (No dearance)
Under Options, activate Compatible mesh. ) Free{No interaction)
) No penetr ation
T |
(2 Compatible mesh ‘
C Incompatible mesh |
13 Mesh part.

Mesh this multi body part with a global Element size of 8.158 mm.

The resulting mesh can be seen below.

Note that the mesh in the blade is rather dense and the nodes are nicely
aligned along the blade/solid interface. In fact, the nodes along this
interface are merged to ensure the prescribed bonding.

14 Hide one blade solid body.
In SolidWorks, hide one of the blade bodies, as shown in the figure
below. Display the mesh in COSMOS Works.

We observe that a node-to node
correspondence 1s also forced along the
entire blade/solid interface. The nodes are
subsequently merged to ensure the
required bonding.

While merging the nodes is the most
accurate way to ensure the bonding
between two touching bodies in a part (or
two parts in an assembly), it poses
additional constrains on the mesher. All
bodies and parts must be meshed together,
causing the operation to become more
complex and take longer.
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Incompatible
mesh

Alternately, we may prescribe the mesher to mesh every body/part
independently and ensure the bonding via the constraint equations
(additional mathematical expressions).

15 Set global incompatible bonding.

Edit the setting of the global bonding and .
change the Options to Incompatible. ‘ ) Bonded (o dearance)

16 Show all the blades.

Display the hidden blade.

17 Mesh part.

Mesh the part with the default Element size of 8.158 mm.

Observe that the solid body of the rotor and the blades are meshed
independently and the nodes along the interface are not aligned. The
bonding is ensured by means of the additional constraint equations.

Shell and Mixed
mesh: compatible
and incompatible
meshing

The user selection on whether to generate globally compatible and
incompatible contact mesh is available for initially touching faces in
solid meshing only. In the case of mixed and shell meshing, the
generated mesh will always be incompatible across the contact
interfaces, irrespective of the user’s specification. Even if the nodes
look aligned across the interface, the bonding will be incompatible.

Additionally, whenever a local contact condition is defined (regardless
of the mesh type) the mesh will be incompatible across the interface.
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Mixed Mesh:
Analysis of an
Impeller

230

18

19

20

A turbocharger impeller spins with a
constant speed of 20,000 RPM.

The centrifugal force causes expansion
of the impeller diameter.

We must determine the increase in
diameter of the impeller and the location
of the maximum magnitude of von
Mises stresses,

Open Part file,
Open the SolidWorks part file impeller 01.

In this assembly each blade is represented by a surface, not a solid
geometry (however, this not a requirement). The surface edge attached
1o the solid geometry is coincidental with a curve associated with solid
geometry.

Create Mixed Mesh study.
Create a Static study named centrifugal 01 with Mixed mesh
elements.

Apply Restraints.

We assume that a solid circular shaft is rigidly connected to the
impeller. Therefore, to simulate a presence of the shaft, select the
cylindrical face of the hole at the bottom and restrain circumferential.
axial and radial directions.

Notice that Restraint PropertyManager gives the option of restraining
rotations which might be required if we were applying restraints to
shell element portion of the model.

[]shaw previsw

| Translations. _

Bl

g s |
[Reverss drection

Eﬁ:id vl
[Creverse drection

gl vn

‘ "E]ﬂ.owsa:ial:ﬁm
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Mixed Meshing - Analysis of an Impeller

Apply a centrifugal load of 20,000 RPM.
Right-click Loads/Restraints ¢ F 8@ + P Inpeller 01
and select Centrifugal. [ cenwifugar . JA

From the SolidWorks floating WD
FeaturcManager, select Axisl as
the Selected Reference.

In the Units list, select Metric (G).  |cemsmugairorces 2|

In the Angular Velocity box, enter

20,000 rpm. S i
C].le OK & U_ o .u:mnz
I [ Reverse dirsction

We do not apply any pressure to =
impeller blades because stress induced by pressure is negligible as
compared to stresses caused by centrifugal forces.

Assign Shell surfaces.
Right-click the shells folder and select
Define By All Reference Surfaces.

In the Shell Definition PropertyManager, all
the blades in the model will be selected in the
Selected entities list. Alternatively, il you
select Define by selected surfaces (o
define surfaces, you need to select the sixteen
blades individually.

Under Type, select Thin shell formulation.
In the Shell thickness box, enter 1 mm.
Click OK.

Upon closing the Shell Definition PropertyManager, COSMOSWorks
creates Shell-1 inthe Shells folder. Shell-1 includes all
surfaces in the model. It would also be possible to define more than one
component in the Shells folder, i.e. if different blades had different
thicknesses.

23 Apply Material.

Material needs to be applied in two steps: to components of Solids
folder and to components of Shells folder. The easiest way to apply
material is to right-click each folder and sclect Apply Material to All.
Use Alloy steel material found in COSMOS Works material
library.
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26

Apply Mesh control.

For accurate stress results apply mesh control
to the cylindrical face where support has been
applied and to the split face surrounding it.
The split face has been defined specifically
for the purpose of applying mesh controls in
the vicinity of restraint.

Use default mesh control parameters.

Even though we could mesh the model now, we still must assure that
shell elements are properly connected to solid elements. Without that,
the finite element model would consist of seventeen detached pieces:
sixteen blades meshed with shells elements and solid core meshed with
solid elements.

Define connection between shells and solids.
To bond shell elements to solid elements we define local contact
conditions.

Right-click the Contact/Gaps folder and select Define Contact
Set.

Under contact
Type, select
Bonded.

In the Source list,
select edges of all
blades contacting

the solid body.

| Edqess> ¥
In the Target list, ‘m '“

select the face of
solid geometry
contacting the edges.

Click OK.

Set Global contact.
Right-click the Contact /Gaps folder and select Set Global
contact.

Under Touching faces, sclect Bonded (No clearance).

Under Options, select Incompatible mesh.

Click OK.

The specification of the incompatible mesh here is only for the sake of

completeness. Whenever a mixed mesh is specified, the bonding will
be incompatible by default.

Mixed Mesh: Analysis of an Impeller
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27 Create Mesh.

You may now create a High quality mesh

with the default Element size o' 10.58
mm.

28 Run analysis.

Lesson 8
Mixed Meshing - Analysis of an Impeller

When running the analysis, use the Direct Sparse solver, which is
faster than iterative solvers (FFEPlus) for solving mixed mesh models

of this size.

29 Plot displacement results.

WK ()
89428005
l 7 4518-005
- B.705e-005
. 5.9518.005
521 6e-005

4 471e-005

7 A5Te-006

0 D00s+000

To view radial displacement results, construct a plot showing UX
component displacement. Use the Ax 1351 of the model as a reference
s0 UX becomes the radial component of displacement.

Mixed Mesh: Analysis of an Impeller
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30 Plot von Mises stress.

won Miges {NAR"2)
5,365e+008
l 4.937=+008
L 44584008

. 404204008

. 350d4e+008

L 31474008

2 B33e+008

225 el

15044008

. 1 35B8a+006

. 0.087e«007
I 4 B11e+007
1351 e+D0E
To plot von Mises stress we don’t need to use any reference geometry
because von Mises stress is a scalar stress measure.

To better picture stress results around the support, use a section view.

We can observe the stress concentrations near the end of the blades
where they are connected to the solid core.

In this lesson we practiced and discussed the issues related to mixed
meshing in COSMOSWorks.

We learned that the entities (parts) intended for the shell and solid mesh
must be independent bodies or parts. The global bonding in mixed
mesh is inherently incompatible and must be accompanied by local
bonding contact sets for each shell/solid interface. However, solid-to-
solid bonded contact does not need to be defined locally.

We also became familiar with the concept of compatible and
incompatible meshing in solid and mixed mesh models.

Summary
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Lesson 9

Vehicle Suspension
Analysis Using Design
Scenarios

Objectives Upon successful completion of this lesson, you will be able to:

m Understand and use the Design Scenario feature to analyze trends
when specific parameters are varied.

m Find optimum value of some design parameters
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Project
Description

Suspension
Design: Multiple
load cases

236

The vehicle suspension assembly shown in the figure below can be
subjected to a multitude of loading variations during its operating
conditions. In this lesson, the assembly will be analyzed when
subjected to the following four conditions:

m stationary vehicle

m vehicle moving at constant acceleration on a smooth road

m vehicle moving on a bumpy road

m  vehicle moving at a constant speed on a smooth road and turning on
banked road

All of the suspension components are manufactured from Alloy Steel.
The goal of the analysis is also to adjust the thickness of the lower arm
to an optimal value.

Open assembly suspension.sldasm.
This assembly is located in the Lesson 9 folder

Set COSMOSWorks options.
Set the global system of units to English (IPS) and the units of Length
and Stress to in and psi, respectively.

Create new study.
Create a new Static, Solid mesh study named Multiple loads.

Suppress Front Spring component.
The component will be replaced by an elastic spring connector.

Update components,
Right-click on the Multiple loads study and select Update All
Components,

Project Description
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10 Define a spring connector.
As shown in the figure, define a spring connector with the Total

Normal stiffness of 600 Ib/in between the Front Shock Clamp and
the Shock Plunger.

238 Suspension Design: Multiple load cases
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Design scenarios

Note

Vehicle Suspension Analysis Using Design Scenarios

Restrain the motion of the Shock Plunger.
SOR@

VODW

TSRO > |
e i '
ol |

| g Ema;m'" ock1 fShock T
|

[] show preview

ConnectionType A
1o transiation

[Imo rotation

| El lengsshaes) wl |
[# o + Ibfin i
|

Define a Pin connector between the outer cylindrical face of the
Shock Plunger and the inner cylindrical face of the Shock Tube.
Make sure that both the No translation and No rotation liclds are
deselected.

This condition is required to ensure the correct relative displacement
between the Shock Plunger and the Shock Tube. Without this
condition a No penetration contact would be required.

P T L A ———————

Design scenarios can be conveniently used to analyze an assembly in
which the loads, geometry or material constants are to be treated as
design variables. Results, such as displacements or stresses, can then be
oraphed as functions of the design variables.
A design scenario is defined in two steps:
First, a list of the parameters (design variables) ) spension

FEA ¥ . 5 G-tm’“ ,
must be specified by rlght-clw?kmg on the SF sensars £
Parameters folder. A multitude of parameter = € Ot pelete
types is available: loads, geometrical features,
material constants, and others.

Second, a design scenario in which sets [ Pesion Scenzil
(combinations) of the parameters along with their %ﬂ“%'
numerical values are created by right-clicking on @k =%

the Design Scenarioicon.

In some cases, such as when a load or a material constant 1s used as a
parameter, a definition of the load or of the material constant must be
linked to the corresponding parameter. This intermediate step will be
practiced in this lesson.

pr— — —— p— e ———— e
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12 Specify load parameters.

[n this lesson, multiple loading conditions corresponding to various
vehicle travel scenarios will be defined as a design scenario.

Right-click on the Parameters folder and select ®aspensin

Edit/Define. Rl e |
SEQ] o

Paramelers

Add Parameters

Shuehad loace Mestarts. o)

Type: Force v/
Uses defined vabse: |50 [t v
Olemosion | =i
Iﬂkwlwllml["wl

In the Parameters dialog window click Add.

In the Add Parameters dialog window, enter Vertical as Name. Select
Structural Loads/Restraints under Filter and Force under Type.

Under User defined value, enter 50 1bf.
Click OK to close the Add Parameters dialog window.

Similarly, define the second parameter named Lateral with 0 Ibf as the
User defined value.

['wo Force Parameters X
parameters have e S S

: Mame  Tipa Unit User defined va...  Cumrent valus  Ewpress,.  Comment
been defined in Veibeal  Force b 1000 4000

. v Lateral  Fi By 0 1]
this step: Vertical e
and Lateral.
£d O T

Suspension Design: Multiple load cases
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13 Define the Vertical and Lateral forces.

Apply {brcepn the e F R @
cylindrical face, as i e e
indicated in the figure. ) %2
Uséthe Front plandas s eea]
a reference. &) Aoy forcefmoment

() Appdy noemal Force

In the Along plane | Oy tore
Dir2 field, select Link ‘13 Face <1 >@Hb1-1
value. |

I he Parameters dlog

window, select Lateral to link

: [ Mame  CurentV. Ut  Bwpress. | [0k ]
this parameter to the | Vesteal 50 b
corresponding component of .t

the force. Edit/defne. .

Notice that the user defined value of 0 Ib is shown in the appropriate
field with a distinct background color.

Repeat the procedure and link the Normal to Plane force component (o
the parameter Vertical.

Both lqad components are now linked to the design Focce s ety 3
scenario parameters. |i_§’_’_! b
11—
! [ Reverse drection
] [0 v
[ Reverse drection
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14 Define Design Scenario.
In the Design Scenario definition, the specified parameters are assigned
numerical values and their combinations (sets) are created.

Right-click on the Design Scenario folder and select Edit/Define.

In the Design Scenario
window, under the

Design, Scenario - Multiple loads

"Define Scensis | Fresuk Locstons

Define Scer:IaFiOS [ﬁb, Dieline design scenano

increase the No. of Nootsoenaios: |4 2 [Upaqy] [ seve ] [[imoot

scenarios to 4 and click Usei Defred [“15el] [V1Set2 [“15e13 [“15atd ~
50 B0 M 85 200

Update. 0 P 1 P

Specity the magnitudes

for the Vertical and -
1£ >

Lateral force parameters, )

. Rum optiors:
as shown 1in the figure. &) Al scsnaios

{2 One scenaio

[] Stop and piompt with enor meszages when a scenano fals.

T I

Note Note that each Set represents a load case corresponding to the specific
vehicle travel conditions: Set | corresponds to the loading when a
vehicle is stationary, Set 2 to a vehicle moving at constant acceleration
on a smooth road, Set 3 to a vehicle moving on a bumpy road, and Set 4
to a vehicle moving at constant speed on a smooth curving and banking

road.
Activate both parameters by checking the boxes in the R
[¥IVetical b
Parameters column. Bl 't :
Under Run options, select All scenarios (if desired, only
selected scenarios may be requested).
Design Scenario The Design Scenario feature automatically generates and runs multiple
results studies corresponding to each Set. As the amount of data can easily

become excessive, certain storage restrictions have been imposed:

- For each study (design scenario Set), only the assembly global
extreme values and the results at selected vertices for the von
Mises, P1, P2 and P3 stresses, resultant displacements, stress
intensity, and equivalent strains are stored.

- For the last Set, the f{ull results for the entire model are available
and can be plotted.

D e s e e p——
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Design Scenaria - Multiple loads

Under the Result Locations tab, select the vertex indicated in the
figure. This vertex will be used to compare the hub displacements {rom
all the design sets.

Click OK in the Design Scenario - Multiple loads dialog window.

Refine mesh at higher curvature regions.
Apply mesh controls at the two fillets on the Shock Plunger.

Apply mesh control at the four neck fillets on
the lower arm.

Apply mesh control to the four fillets on
the lower arm located close to the shock
X arm pin connector.
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Note that the local Element sizes, Ratio and Layers parameters are
shown in the above images.

16 Mesh the assembly.

Create a High quality mesh with the default global Element size of

0.147 in.

17 Run Design Scenario.

Right-click onthe Multiple loads

study folder and select Run Design

Scenario.

5 Qt P —
;,Qsaua‘"
I".Lnf!:sv;n Ec;\yn:t
T T Update Al Comfione

18 Plot stress results for the last Set.
The complete results for the last design scenario set are available for

the entire model.

Define a von Mises plot at the Automatic deformation magnification

scale.

wan Mses (pei)
121 5e+005
l 11140005
- 104 20+005
- 8112e+004
. BADDe+004
7 DETe+004

B OT5e+004

5 DEZe+004
.::"E' .

- 3037e+004
2025e+004
I 101 2e+004

47342003

We sce that the von Mises stresses in Set 4 exceed the yield strength of

Alloy Steel (90 ksi).

Animate the plot to observe the deformation of the shock assembly.

244
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Lesson 9
Vehicle Suspension Analysis Using Design Scenarios

Analyze global extreme result values.

Right-click on the Results folder and select Show Design Scenario
Summary.

A dialog window shows the global extremes (regardless of the
location) and the results at the selected locations.

Design Scenario Results Summary. E.

Resturik: Engin P5) o]

Input Parameters Units | Sed2 | Set3 Setd -
Wertcal jb A1 3 200°
Lateral b 15| 18 i)
Filat_radiuz | men 12| 1285 13
£um_thickness mm Ll 45 5
Results Units | Sei2 Set3 Setd
Result Status | Summary | Summary  Detailed
Global maximum for the whole model | |
WOM:  von Misss stiess | psi 52425 1.07Z1E+005 |  2.5063E+005
Pi:  Momal shess| 13t prncipdl | s 52384 1.071E+005 | 2 SOGIE+005
FZ  Momal shess{ 2nd prncipal | | psi 10408 21598 ~ 50839
PZ Momal stiess| Jrd principal | | pai 41503 B5003  1.HHE 005
URES: Resullant displacement in 022253 04613 1.0854
INT:  Steess ntensiy pei 52503 1.0737E+005 25106E 4005
ESTRN : Equivalent sirasin | Q0M3Ss 00026344 0.0062372
Vertexd 13 | v
¢ >

[ Save J |_— Close J [ Help ]

We can again see that the last study (Set 4) reports the same largest
magnitude for the von Mises stresses (250 ksi). The resulting
displacements and equivalent strains reaching the values of 1 in and
0.27% are also the largest in Set 4. Thus, we can conclude that the last
set, Set 4 (corresponding to the loading when the vehicle travels at a
constant speed on a smooth, curved and banked road), represents the
most extreme case and the shock assembly will be designed to
withstand this loading.

Also, note that the four design scenario sets could be easily specified as
four unique studies. The advantage of the design scenario becomes
more apparent if the number of Sets (in this example, load cases)
increases.

Since Set 4 was identified as the worst load combination when the
model exhibits yielding, the assembly geometry will now be modified
with the help of design scenarios. A safety factor of 1.3 on von Mises
stresses and the maximum resultant displacement of the hub
component equal to 1 in will be required.

Create new study.
Copy the study Multiple lcoad into a new study named Gecmetry
design.
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21 Define geometrical parameter.
Define an additional geometrical parameter that will be used 1n this
study.

Right-click on the Parameters [older and select Edit/Define.

In the Parameters dialog window click Add.

Add Parameters o

iy

In the Add Parameters dialog window enter Arm_thickness as a
Name and select Model dimensions as Filter.

Click on the 1.5 mm dimension identifying the thickness ol the lower
arm.

The dimension D2@Extrude2@arm.Part will then be shown in the
Model dimension field

Click OK to close the Add Parameters window.

A total of three

Parameters rz]
pal‘ameters are " - -
Mama  Type Ut Uses defined va...  Current vahss  Express..  Comment
now defined. Veiod Facs B 5 20

L«alen' Foece . b 0
; T = T i
Click OK to close s

the Parameters
dialog window.

[(as. [ Ed. [ Delete |[ ok |[ Comed |[ Hep |

22 Modify the load.
In the study Geocmetry, edit the force definition
and unlink the values of the force components from
the parameters.

4%

Enter a value of 25 Ib in the Along plane Dir2
field and 200 Ib in the Normal to plane field. This
corresponds to the worst loading case in which the vehicle travels at a
constant speed on a smooth, curved and banked road (Set 4 in the
previous design scenario).
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Modify the design scenario.
Right-click on the Design scenario folder and select Edit/Define.
Under the DESign . Desipn Scenario - Geometry E
S.cenarlo ta‘t_:, specify e e i Louakors]
e]:ght SEtS “r|th the Dreline design scanatio
following values for the No ofscenawos (8 2
Diefi [~]s Ml5ez  [V]Setd &
parametf:r ‘ . lr.rl:nﬁ ,:w efined []5ed] 2 g |
Arm_thickness used in “ |
this study: | I
1.5,2,3,4,5,6,7,and "N
£
Smm. !
Bun ootiors |
& A scensrios .
() Ore sceniio :
[#] S10p and prompt with enor messages when a soenano fads,
[_oc ][ Coucel |[ tHeb |
Under the Results Locations tab, make sure
that the indicated vertex is selected in the
Selected locations field.
Mesh the model.
Create a High quality mesh with the default global Element size of
0.147 in.
Run design scenario.
Review global extremes of the results.

Right-click on the Results folder and select Show Design Scenario
Summary.
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Design Scenario Results Summary rg

Resull unte: | Engith (PS) w

Input P; t Units | Setb Set? Set8 -

Aum_thickness jmm 6 7l g

Reults | Units | Setb Set? | Setf

Resull Status | Summary | Summary | Detailed

Global maximum for the whole modsl _ _

WOM:  von Mies siress pai B5028 6343 63408

P1. Nomal shiess] 15t pencipal ) | pei 76795 75500 450

P2 Nowmal siress] Znd principal | | pai -35583 -35003 Pt riar

P3  Nowmal stress{ 3id pancipal ) | pai 55122 -54848 54384

URES: Resultent displacement i 09435 092982 i 1 rrd

INT; ‘Stress ntensly | psi 74750 7315 72834

ESTAN ' Equivalent siran | 000161S 0006518 Q001637

Vetlex< 23 |

¥ coordnate n 26058 26058 26058

' coordinate n 29533 29538 29558

Z coordnate in 23213 5313 5313 ~

< >
T [ Cee | [ He |

We observe that the maximum value of the von Mises stresses was

reduced to 63.4 ksi. This value satisties our requirement on the
minimum von Mises stress factor of 1.3 (90 ksi/ 1.3 = 69 ksi).

The maximum resultant displacement remained nearly unchanged at

0.92 in.
Close the Design Scenario Results Summary window.
Display von Mises plot.

Show the von Mises stress plot for the last set (Set 8) when the
thickness of the lower arm was 8§ mm.

von Mises (fsi)

B34 e+ 004

lSﬁEe-&-EDI

L 52564e+004

. 1 D5Te+004
I5
3.203e-003

We can see the already indicated maximum von Mises stress of 63 ksi.
Notice, however, that the location of the maximum stress shifted to the
fillet on the plunger. Varying model dimensions cause the stresses to
redistribute as the stiffness of the components change relative to each

other.
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28 Graph the global extreme for von Mises stresses.
Right-click on the Results folder and select Define Design

Scenario Graph.

Graphe  Graph2 Normadesd

OBySet @ ByPaameler | pm thickness  ~ |

Tope: | Single Resultlor Muliple Locations
Uk [pei w|  Besk [VON: vonMsshess v
Avalable Locations: Graph Locaions:
Avalable Locstions: Guphlocaons
Waes 1 » |
| =

|

!

|

o) (o) (v

For the ordinate of the graph, select By Parameter (Arm_thickness
will appear in the selection field as it is the only parameter in this
study). Under Result, select VON: von Mises stress and psi for the

Units.

In the Graph Locations field, select Global maximum.
Click OK to show the graph.

M Graph?
Fla Options Hep
Study name: Geomatry
ARG -t i S T i
z AN S S N B
2 - : ¢ : i ;
EEUUWU .\\. ........ e e ........ .......
= ik : ‘ ¢ ‘ ! ;
L B
! i % ; 1 1
o PN e
50000—— ' 4 + 4
15 2 3 4 ] [ 7 B
Parameter; Amm_thickness
—— [Global masmum
228773, N2

The above graph shows the variation of the global extreme value of the

von Mises stress with the thickness of the lower arm.
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We observe that any increase in the thickness of the lower arm above 4
mm does not deliver any substantial decrease in the global von Miscs
stress magnitude (the maximum value location shified from the lower
armto the Plunger). We can, therefore, conclude that the thickness
of 4 mm is optimal.

At Arm_thickness = 4 mm, the global extreme of von Mises stress
reached approximately 64.3 ksi, which is 71.4% of the Alloy Steel
yield strength (90 ksi). Because this translates in a factor of safety of
1.4, we can conclude that the thickness of 4 mm is optimal.

29 Graph URES: Resultant displacement at Vertex 1.
Following the procedure in the previous step, graph URES: Resultant
displacement at Vertex 1.

M Graph?

P 2oE a8 @
R 2 R 8 8 8

URES: Resuitant divplacement {in)

g
=
Y

We can observe that the increase in the thickness of the lower a rm does
have a substantial effect on the resultant displacement at Vertex 1,
even for higher values. At Arm thickness = 4 mm, the resultant
displacement 1s equal to 0.84 in., which 1s less than 1 in., and the design
therefore passes this criterion as well,

30 Save and close the assembly.

Note Alternatively, we could analyze the variety of material combinations
used for different parts in this assembly. Using the identical procedure
that was practiced in this lesson, we would first define the parameters
for the material properties (such as Young’s modulus or Yield
strength). Then, we would deline a design scenario in which the
combinations as well as the numerical values of the material
parameters would be specified.
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Summary

Vehicle Suspension Analysis Using Design Scenarios

This lesson introduced and practiced the Design Scenario feature that
allows the user to study various trends in the design when specific
design parameters are defined. This feature has many practical
applications, some of which were practiced in this lesson. Namely, it
was used to study various load cases simulating various travel
conditions of a small vehicle and to find an optimum value of the
thickness ol one of the suspension components.

The design scenario study is defined in two steps:

First, a list of the parameters (design variables) must be specified by
right-clicking on the Parameters folder. A multitude of parameter
types is available: loads, geometrical features, material constants, and
others.

Second, a design scenario in which sets (combinations) of the
parameters along with their numerical values are created by right-
clicking on the Design Scenario icon.

It is apparent that if an optimum combination of a larger number of
design parameters is desired, the process may be rather lengthy and
cumbersome. In such case, a full automatic Optimization modulus of
COSMOSWorks must be used.
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Exercise 6: Analysis of a Platform Using Design Scenarios

Project
Description

Platform analysis

Note

Note

1

A rectangular platform made
of a plastic material, Nylon 6/
10, is supported by two steel
rods protruding through the
platform width.

Note that the rods are
suspended by short links,
which themselves are pin-
supported. The distance
between the pins attached to
the platform may change when the platform experiences deformation.

This type of support makes it possible to use linear analysis for the
study of deflections and stresses of the platform.

The platform assembly is
subjected to an acceleration of
100 G.

We wish to find the distance
between the two steel pins that
minimizes the platform
deflection.

Open part.
Open the SolidWorks part file platform.

We assume that the steel rods are rigid and that we are not interested in
the contact stresses between the pins and the platform. These
assumptions allow us to exclude the rods from the analysis model.

Since the rods are represented by properly applied supports, the
analysis is conducted using the SolidWorks part file plat form, rather
than the assembly fileplatformassembly.

Show feature dimensions.
In the Solidworks FeatureManager, right-click Annotations and
select Show Feature Dimensions.

In this exercise, we take advantage of platform double symmetry to
analyze one quarter of the model.
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Make symmetry cut.
Unsuppress the docuble symmetry feature of Solid Works.

Define parameters.
Define a Linear dimension parameter.

Add Parametors m

HName; | ditance

Comment (optional]: | distance betwoen1odd | ke

Filer | Model dimensions »| :
g
Type: L iy
User defined vahie: | 1° - 21 e

Model dmension:

ok ] [ Concel ][ ooy ][ Hew ]

Select a 15.75 in dimension that defines the distance between the two
hinges.

Create a study.
Create a Static, Solid mesh study named 100G

Define symmetry restraints.
Apply symmetry
boundary
conditions to the
two faces created
by the cut.

Define restraint to simulate rod support.
Apply a Hinge restraint to the

cylindrical face as indicate in

the figure.

K

Apply gravity load.
To apply a gravity load, right-click Load/Restraint and select
Gravity.
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Select the Front plane as the reference to define the direction of
gravitational acceleration.Make sure the Unit field is set to English
(IPS).

Enter 38600 (this value is one hundred times the gravitational
acceleration) in the direction normal to the Front plane. Load
orientation is controlled by the +/- sign.

Click OK.
Note Mass density is a required material property when using gravity
loading.

9 Define design scenario.
Define a design scenario with 10 Sets and the following values for the
parameter distance: 19, 17,15, 13,11,9,7,5, 3, and 1 in.

For Results Locations, select the two
indicated vertices (number 1 at the edge
of plate and number 2 in the center of
the bottom face).

10 Mesh the model.
Create a High quality mesh with the default Element size o1 0.231 in
and the Automatic transition feature on.

11 Run design scenario.
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12 View global extremes and vertex location results.

13

Design Scenario Results Summary EI

Result units: | Englch APS) |

Inpul Paramciors Units | Setl Set2 Set3 Satd ~
dislence _im 13 17 15
Results |Units |Sent Set2 | Set3 Seld
Aesult Status 1 Summary Summary | Summaty | Sum
Global mavimum fo1 the whole model . . _

WOM.  von Mises shess 27449 21378 15303

F1: Nosmal shoss| 15t peincipal | 27442 275 15301

P2 Nosmal stiess{ 2nd pincipal | TR541 71758 10657

TME N3 15301

P2 Momal stress] 2d peincipal | f
34465 021385 a1n3 [

URES: Flesant duplacement

BI318B

INT: Shestintensly 27456, 21384 15311
ESTAN: Equivaleni stan 0001721 0001334 00005471 0O
Verex< 1> 1
X coordinste n 10 10 10
¥ coordinate in 1} o o
Z coordnate |in 0 > o v
< >

[ save | [[(ome ] [ He |

Examine the results, and note that the results are available for the
Vertexl and Vertex? locations as well,

Graph results at Vertex1 and Vertex2 locations.
Define design scenario graphs for the variation of the von Mises stress
and the resultant displacement against the distance parameter.

LEX
Study name: 100G load
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Fila Options Help
Study name; 100G load
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We observe that both the von Mises stresses and the resultant
displacements are minimized when the distance between the two
supporting rods is 11 in. (Set 5). The corresponding values are 283 psi
and 0.01 in.

Limitations of
Linear Analysis

At the beginning of this exercise, we stated that the platform was
suspended by floating links. The links themselves are pin-supported
and rotate about supporting pins. For this reason, the distance between
the rods may change when the platform experiences deformations
under the prescribed load.

Consequently, in the assumption of small displacements, a platform
suspended by floating links does not develop any tensile stresses. It
resists the load only with bending stresses.

Link can rotate about this pin

If the links are rigidly supported and the rods are unable to move closer
together, tensile stresses develop in addition to bending stresses.
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These tensile stresses, also called membrane stresses, are the result of
deformation and significantly increase the platform stiffness.

What does this have to do with linear analysis?

Linear analysis assumes that the structure stiffhess does not change
with deformation, and the solution is based on the original stiffness
calculated before any deformations occurred.

Therefore, linear analysis cannot account for additional stiffness
created by membrane stresses that develop during the deformation
process.

Even if we intended to model rigid hinges, the results would still have
pertained to floating hinges and the platform stiffness would have been
underestimated.

To differentiate between floating and rigid hinges we use nonlinear
geomelry analysis, which is available in COSMOSWorks Advanced
Professional.
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Lesson 10
Static Analysis of a
Support Bracket

Objectives Upon successful completion of this lesson, you will be able to:
m Use the h-adaptive solution method
m Use the p-adaptive solution method

m Compare results obtained using h-adaptive and p-adaptive solution
method

m Use symmetry boundary conditions

m Use the Graph tool

259



Lesson 10

COSMOSWorks Designer 2007 Training Manual

Static Analysis of a Support Bracket

Project
Description

A hollow cantilever bracket is supported along the face at the back side.
The SolidWorks model dimensions are in inches; thercfore, we use the
[PS system of units in this exercise.

A load of 5,000 Ib is uniformly distributed to the split face that
surrounds the cylindrical hole.

We must determine the location and maximum magnitude of von Mises
stresses.

Open part.
Open the SolidWorks part file
support bracket.

Unsuppress features.
In the SolidWorks FeatureManager window, unsuppress the feature
named symmetry cut,

Geometry
Preparation

Symmetry

260

Note that the bracket geometry has been defeatured to make meshing
casier; the external cosmetic fillets have been suppressed. While these
details do not complicate this model to the point of preventing us from
meshing or solving it, we use the model with suppressed features to
emphasize the fact that defeaturing is often necessary for more
complex models.

Due to the symmetry of the bracket geometry, loads, and supports, we
can simplify the finite element model by analyzing only one half of its
geometry. We can simulate the missing half with symmetry boundary
conditions. These conditions are defined on the faces created by the cut
in the plane of symmetry.

By analyzing half of the model, we radically depart from the CAD
geometry. We decide to analyze half of the model, not because the full
model is too complex to handle, but to practice the use of symmetry
boundary conditions. Using symmetry boundary conditions is a very
useful modeling technique to simplify models when it is really
required.

Project Description
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You are encouraged to use the full model later to perform the same
analysis.

Note

Or...

Project Description

Define a study.
Define a study named standard (static analysis, solid mesh).

This study will provide results we need as a reference when comparing
different solution methods. The study name s tandard reflects the
fact that we use the “regular” solution method where mesh does not
change during the solution process. This is how we have solved all
previous lessons in this training manual.

We do not need to define material properties because the material
(AISI 304) was defined earlier in SolidWorks and has been transferred
automatically to COSMOSWorks.

Note that you can define the load as a force or pressure as desired.
To define loads and restraints do one of the following:

Apply load as a force.

Apply 2,500 Ib. force to the split face
around the hole. Note that only one half of
the force magnitude must be applied
because the model represents only one half
of the geometry.

In the Force PropertyManager, select the
Apply normal force check box.

Apply load as a pressure.

Right-click Load/Restraint and select Pressure. The total area of
the split face around the hole 15 1.546 in?, therefore, the pressure
magnitude would be 1617 psi.

In the Pressure Value PropertyManager, enter 1617 psi as the
pressure magnitude. Because pressure is defined as force per unit of
area, the pressure magnitude does not need to be divided in half when
applied to one half of the model.

Under Pressure Type, sclect the Normal to selected face check box.
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6 Apply Immovable restraints to the face at

the back.

Apply Symmetry Boundary Conditions.
Now we apply symmetry boundary conditions
to the faces created by the cut in the plane of
symmetry.

To apply symmetry boundary conditions:

Right-click Load/Restraint and select
Restraints.

From the list of available restraint types, select
Symmetry.

Click OK.

Mesh the standard study,
Create a High quality mesh with the default element size.

Run the analysis.
Run the solution for the standard study.

To verify that the symmetry boundary conditions work as expected,
animate one of the results plots. While the model deforms, verify that
the faces with symmetry boundary conditions applied to them remain
flat and there is no movement of these faces in the direction normal to
the plane of symmetry.

Types of Mesh
adaptive solutions

h-adaptive solution
method

262

The use of symmetry boundary conditions is a subtopic of this exercise.
Our main learning objective is to introduce two new solution methods.

The results of the standard study serve as a basis for comparison
between three different solution methods used in this lesson:

1. Standard solution (the one we have just completed)
2. h-adaptive solution
3. p-adaptive solution

Before we explain the h-adaptive solution method, recall that any
solution obtained using the Finite Element Analysis depends on how
the analyzed model has been meshed.

Project Description
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We may re-phrase the above observation to say that the FEA data of
interest depends on the choice of discretization. Thus, changing the
mesh parameters (global or local mesh controls) will affect the FEA
results. This is because different meshes (different choices of
discretization) will cause different discretization errors.

Discretization errors can be estimated by making systematic changes to
the mesh and studying the impact of these changes in the area of
interest. This process is called “convergence process™.

One way to make systematic changes to the mesh is to modify the
element size through mesh refinement. Because h denotes the
characteristic element size, the convergence process through mesh
refinement is called “h convergence process™. In this process, the size
of the elements is gradually reduced.

# T Ve 3 /“\
.l.-' \\ i // y
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You will recall that we have already conducted the h convergence
process in Lesson 1 and 2 in the COSMOSWorks Designer tutorial.

In Lesson 1, we refined the model uniformly, meaning the entire
model was meshed with the same element size. That size was reduced
in different studies. In Lesson 2, we used mesh controls Lo refine the
mesh only in areas where we deemed it necessary.

The convergence process we conducted in Lesson 1 and Tesson 2
required us to define several studies with different meshes, run the
analysis, and summarize the results. These were informative but rather
tedious exercises.

Now, using h-adaptive solution method we will automate the h
CONVErgence process.

h-Adaptivity
Study

h-Adaptivity Study

10

11

Create new study for h-adaptive solution.
Copy study standard into a new study and name it h adaptive.

Set h-adaptive solution parameters.
Right-click h adaptiwve and select Properties.

Click the Adaptive tab.
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Note The Adaptive solution tab is available only for static analysis and solid

mesh elements.
Under the A,:laptive ey T T T
method option, select h= | i ones —
adaptive. OMore
@ hradaptive
Under the h-Adaptive O pradegtive
options, accept the e o
default values for Target Target sccuacy \ W
accuracy. Local [Faster] Global [Skower]
Accuracy bisx: 5
Also, accept the slider : AR
location at the center for S s IR
2 [¥] Mesh coarsening
Accuracy bias,
prédaplive oplins
In the Maximum no. of
loops box, enter 5.
Select the Mesh
coarsening check box.
Click OK. 1 _

Co ) Co ) (o]
h-adaptivity What is going to happen when we solve the study with the above
options settings?

COSMOSWorks will solve the same model several times, each time
using more refined meshes. The mesh refinements will be performed
automatically, no user intervention is required.

How many mesh refinements will be performed?

Considering that we have set the Maximum number of loops to 5,
COSMOSWorks will solve for the original mesh and then perform
several other mesh refinements. Looping will terminate when Target
accuracy is obtained or if the Maximum number of loops is reached.
Maximum number of loops of 5 means that the solution may consist
of a maximum of six steps: the original mesh and five refinements.
Target accuracy is the accuracy of strain energy norm (RMS strain
energy) in the model. We set it at 98% which means that looping stops
if the difference in the strain energy norm between the two consecutive
loops drops below 2%.

Target Accuracy The Target accuracy is based on the total strain energy in the model.
This is a global measure of the discretization error. As such, it is largely
insensitive Lo localized errors, even if those errors are high.

264 h-Adaptivity Study
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To account for the local errors, looping is also controlled by an
Accuracy bias.You can move the Accuracy bias slider to the left
(Local) to instruct the program to concentrate on getting accurate peak
stress results, meaning that local areas with high strain energy errors
will receive “preferential treatment” (mesh will be highly refined in
those areas). Or, you can move the slider to the right (Global) to
instruct the program to compute overall accurate results with respect to
lower strain energy errors. We do not have explicit control over the
magnitude of local strain energy error.

From Lesson 2 you will recall that stress singularity occur at the
locations of concentrated forces and sharp re-entrant corners. The
stresses at these locations diverge to infinity as smaller mesh elements
are used.

Therefore, for models with such singularity, it is recommended to
move the Accuracy bias slider to the right (Global). This way high,
but localized, strain energy errors will be ignored; the solver will not
adjust mesh refinement pattern to reduce these errors.

Local Accuracy bias usually produces results faster than Global

Accuracy bias.
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ORIGINAL MESH

DE-REFINED

REFINED

DE-REFINED

MESH AFTER COMPLETION OF
H-ADAPTIVE SOLUTION

When h-adaptive solution is used, you can start with a coarser original
mesh size. This mesh is a starting point and COSMOSWorks refines it
as needed during the solution process. Additionally during the mesh
refining process, the mesh may be “de-refined” if Mesh coarsening is
selected, as it has been in our study.

The mesh may become coarser in some locations if the h-adaptive
solver decides that the initial user defined mesh is “too fine”, meaning
it is excessively refined giving low stress gradients in these locations.

The mesh is not refined uniformly but only where needed to keep strain
energy errors low. We may say that mesh adapts to the stress patterns.
This gives the “adaptive” name to h-adaptive solution method.

h-Adaptivity Study
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12

13

14

Create mesh for h-adaptive study.
Mesh the model with a coarse mesh and the
Element size of 0.5 in. Make sure High
quality elements are used.

This mesh is not acceptable for standard
solution techniques because there are not
enough elements to capture the complex
stress gradients around the fillets.

Run the h-adaptive study.
Run the solution for the h adaptive study. Notice that the solution
progresses in steps corresponding to the number of mesh refinements.

To help re-visualize the stress results, the regions where the material
yields will be plotted in a distinct color.

Activate distinct color for yielding regions,

Right-click the support bracket part and select Options. Under
the Default Options (New Study) folder, select the P1lot,
Color Chart folder.

Activate the Specify color for Color options

values above yield for von Defons El & B |
Mises plot feature. Note that this ~ Heefchateslon: 12 2| [P

color is gray by default. IIII[D

Click OK. (7] Specily colo fox vahass above siek ot vortises piot [

h-Adaptivity Study
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Plot Von Mises Stress.
Define a new von Mises stress plot. Under Settings, sclect Mesh for
the Boundary options.

won Mises (ps)
3365e+004
. 308504004
. 2 804a+004
. 25244004
224464004
1 884e+004
ﬁ 1 683e+004
] 1 403e+004
L 1123e+004
; . BAXGe003
5 B23s+003
2821e+003
1.783a+001

The stress plot shows the maximum von Mises stress of 33.2 ksi, which
slightly exceed the yield strength of AISI 304 steel.

Note that the yielding regions are shown in a distinct color.

Displaying mesh superimposed on the plot confirms that the mesh has
indeed been refined where stress concentrations are located and de-
refined in “quiet” portions of the model.

Any plot (stress, displacement, strain, and so on) in the results folders
of the h adapt i ve study displays the {inal result, or the last
performed step of the h adaptive solution process. In addition to
displaying the final plot results, we can also access the history of the
iterative solution.

Create convergence graph.

Right-click on the Results folder and select Per—— G
Define Adaptive Convergence Graph. | Overget aceuracy
. N MMrlnvmhsu
Under Options, select the Maximum von Misses | ) s
| Mandmum ant
stress check box. Clear the Target Accuracy  Dospacarece
check box. | [Jvotal stran Energy
[lhumber of tades [
Click OK. A
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Review h-adaptive
solution

268

M Convergence Graph

Fie Options Help
h-Adaptiva Convergence Graph
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Let us review the graph and make a few observations about the h-
adaptive solution.

m  The h-adaptive solution has been obtained in five steps: the first

using the original mesh and the next four steps with automatically

refined meshes.

m In cach loop the mesh is refined further.

m  The 2% strain energy error we specified in properties of the 1
adaptiwve study 1s NOT the stress error.

B The maximum number of loops (6) has not been reached.

Therefore, we know that the strain energy error fell below 2% after

the fourth mesh refinement.

m Based on the coordinates of graph points we can explicitly calculate

von Mises stress error,

m  The stress units in the graph are N/m”2, regardless of what units are

used in the model.

If we are interested in von Mises stress, why can’t we specify the error

in terms of von Mises stress? In other words, why don’t we use von
Mises stress rather than the total strain energy as a convergence
criterion?

The reason why the total strain energy is used as a convergence
criterion 1s because the total strain energy (“total” means in the entire

]
2

model) always shows monotonic convergence without local “plateaus’

which might lead to premature termination of the convergence process.

h-Adaptivity Study
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Please review displacement results of study h adaptive before
proceeding.

Having obtained a solution with the h-adaptive solution method we
now solve the same model using the p-adaptive solution method.

T T o it e TR i e e e S R o S — — S — = S

p-Adaptivity

Study
P-adaptive solution requires the use of a different type of finite
element called p-element, Before we begin, we need to explain what p-
elements are and what they do.

p-adaptive In Lesson 1, we said that COSMOSWorks uses three types of

solution method elements: tetrahedral solids, triangular shells, and beams. Each can be

defined as either a:

m  First order element (draft quality)
m Second order element (high quality)

Further, recall that first order elements model a linear (or first order)
displacement and constant stress distribution, while second order
elements model a parabolic (second order) displacement and linear
stress distribution.

We now have to amend the above paragraphs. Besides first and second
order solid tetrahedral elements, COSMOSWorks also has higher order
tetrahedral solid elements (up to the 5™ order) meaning that a
polynomial of the 5™ order can be used to model a displacement field
inside the element, along its faces and edges. These elements are
available when the p-adaptive solution method is used.

The order of elements used in the p-adaptive solutions is not pre-
defined, but can be upgraded automatically during the iterative solution
process without our intervention. These elements with upgradeable
order are called p-elements.

e e s T T KR N e e e o e T £ Tt X Mt

17 Create p-element study.
To begin this exercise:

Create a study named p elements. The study name reflects the use of
high order p-elements. (Specify Static as Analysis type and Solid
mesh as Mesh type.)

18 Copy loads and restraints from previous study.

p-Adaptivity Study 269
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19 Define p-element method and its options.
To utilize p-elements in the analysis, right-click the p elements
study folder and sclect Properties.

Under the Adaptive tab in the Properties window, select the p-
adaptive box. Note that this option 1s available only for static analysis
and only when using solid clements.

| Options | Adepkive | Flow/Themal Effects | Remak|
E Adaplive method
) None:
| O hadaptive
| @ padaptive
hAdaptive options

i

péidaptive options
Stop when| Tolal Stain Eneigy % | changeis | 0.09] % orless
Update elaments wilh 1elative Strain Energy enorof |2 X o move

Staiting p-ofdet [z i
Magmumpodsr (5 | 2
Mawmum no. of loops |4 ol

e

Set Starting p-order to 2, which means that all elements are first
defined as second order elements.

Set Maximum p-order to 5. The p-adaptive solution runs in iterations,
called loops, and with each new loop, the order of elements increases.
The highest order available is the 5 order, but the actual highest order
we use can be lower and is defined by Maximum p-order.

Set Maximum no. of loops to 4.

Under p-adaptive options, in the change is text box, enter 0.05.
Click OK.

Looping continues until the change in Total Strain Energy between
the two consecutive iterations is less than 0.05%, as specified in the
p-adaptive options area. If this requirement is not satisfied, then
looping stops when the elements reach the highest available order,
which in our case is the 5 order. Note that it takes four iterative loops
to reach a 5™ order element. Investigate other choices in the
p-adaptive options area.
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Why are we specifying this high accuracy requirement (0.05%) for the
total strain energy error? Actually, we do not expect that the solution
will satisfy this requirement. We want to force the solver to complete
all four steps so we can analyze graphs consisting of four, rather than
two or three points.

The p-adaptive solution process is conceptually similar to the already
performed h-adaptive iterative process of mesh refinement. Both add
degrees of freedom to the model, one by mesh refinement, the other by
element order upgrade.

The difference between h-adaptive and p-adaptive solution methods
is that, in h-adaptive, mesh changes while element order stays the
same, while in p-adaptive, mesh stays the same but element order
changes.

h vs. p Elements

Question:

Answer:

Question:

Answer:

Let us pause to explain some terminology:

Why are upgradeable elements called p-elements?

The iterative process that we are currently discussing does not involve
mesh refinement. While the mesh remains unchanged, the element
order changes from the initial 2" order all the way to 5™ order (or less
if the convergence criterion is satisfied sooner).

The element order is defined by the order of polynomial functions that
describe the displacement field in the element, Because the polynomial
(p) order experiences change, the process is called the p convergence
process, and the upgradeable elements we use are called p-elements.

Why is the p convergence process called a p-adaptive solution, and
what exactly does “adaptive” mean?

Adaptive means that not all p-elements are necessarily upgraded during
the solution process.

Indeed, as you see in the p-adaptive options area, Update elements
with relative Strain Energy error of _% or more means that only
those elements not satisfying the above criterion are upgraded. We say,
therefore, that element upgrading is “adaptive”, or driven by the results
of consecutive iterations.

This is in close analogy to h-adaptive solution (performed earlier in
this lesson), where the mesh was refined during consecutive loops.
We are now sufficiently familiarized with p-elements to proceed with
p-adaptive solution.

p-Adaptivity Study
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20 Create mesh.
Right-click Mesh and select Create Mesh.

Under Options, click At nodes.

Under Jacobian Check for solid. select At nodes.

21 Mesh the model and run the analysis.
Create a High quality mesh
intended for p-elements with an
Element size of 0.5 in.

Note Considering that a p-adaptive
solution is used, we can manage
with a coarser mesh.Create a High
quality mesh intended for p-
clements with an Element size of
0.5in.

Check the Run analysis after
meshing box to combine the mesh
and run steps into one.

Note This mesh is not acceptable for use with h-elements because there are
not enough elements to capture the complex stress field, especially near
the rounds. However, using higher order p-elements is equivalent to
refining an h-element mesh, so that even this coarse mesh delivers
accurate results.

Run the analysis, and notice that the solution progresses in steps
corresponding to the number of element-order upgrades.

22 Display von Mises stress plot.
Now that we have solved the study with p-elements, we display a von
Mises stress plot.

To set the plot settings, right-click the stress plot and select Settings.
Sclect Discrete for the Fringe options and select Mesh for the
Boundary options.
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The resulting stress plot shows a maximum von Mises stress of 31,550
psi, which is just above the yield stress of AIS1 304.

23 Animate results plot.
To verify that the symmetry boundary conditions work as expected,
animate one of the results plots. While the model deforms, verify that
the faces with symmetry boundary conditions applied to them remain
flat and there is no movement of these faces in the direction normal to
the plane of symmeitry.

Note Any plot (stress, displacement, strain, and so on) in the results folders
of the p e lement s study displays the final result, or the last step of
the p-adaptive solution process. In addition to displaying the final plot
results, we can also access the history of the iterative solution.

24 Create a convergence graph.
Right-click the Results folder and select Define Adaptive
Convergence Graph.

The Convergence Graph PropertyManager opens. Here you can
specify what information to display on the graph.

Because we are primarily interested in the P ——
maximum von Mises stress, select Maximum von (s von e
Mises stress in the Options window. e Restont
Dsplacament
Chck OK. [l Total Strain Energy
D'\l.d-mgehm
Degreas of
D rsedomipor)
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Let us review the graph and make a few observations about the p-
adaptive solution.:

The p-adaptive solution has been obtained in four steps: the first
using the second order elements, and the next three with higher
order element up to the 5th order.

The 0.05% strain energy error we specified in the properties of the
p adaptive study 1s NOT stress error.

We do not know il the strain energy error fell below 0.05% in the
fourth step because the maximum number of loops has been
reached. We have reached the maximum available element order,
thus, we do not know if looping would have continued otherwise.
Based on the coordinates of graph points we could explicitly
calculate von Mises stress error.

The stress units in the graph are N/m”2. SI units are internally used
by COMOSWorks for calculations, regardless of what units are
used in the model.
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COSMOSWorks Designer 2007 Training Manual

p-Adaptivity Study

Lesson 10
Static Analysis of a Support Bracket

Now, let us summarize the results of all three studies executed in this

lesson. Recall that information on the number of degrees of freedom is
taken from the OUT file corresponding to the given study in the
COSMOSWorks data base.

|
Max. resultant |  Max. von
Solution type | displacement Mises stress # D.O.F.
lin.] [psi]
Standard 0.01702 30390 31887
h-adaptive 0.01705 33200 27255
p-Adaptive 0.0168 34100 57636

Displacement results are practically the same. Stress results are within
9%, Considering that a highly concentrated stress is rather difficult to
model with any solution technique, this accuracy is satisfactory.
Standard solution appears to be the most economical; it had the shortest
solution time.

Having completed the exercise with three solution methods, we note
that h-adaptive and p-adaptive solution methods are very close,
conceptually. Upgrading the element order in the p convergence
process adds degrees of freedom to the model, which is a direct analogy
to adding degrees of freedom by mesh refinement in the h convergence
process.

This explains why we can use a coarse mesh for both h-adaptive and
p-adaptive solution. The degrees of freedom that are “missing™ in the
initial mesh are added in the process of iterative solution either by mesh
refinement or by element order upgrade, and produce an analogous
effect to using a standard solution technique with properly refined
mesh.
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hvs.p
Elements -
Summary
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Solution type

h-adaptive

p-adaptive

Element
order

2nd order, does not
change during the
solution

Changes during the

| solution process from 2nd

to max. Sth to satisfy the
accuracy requirements

Mesh
adaptivity

' Mesh is changed by

relinement (both element
size and location of
refinement) and adapts to
the pattern of stress
distribution found in the
model. High stress
gradients are meshed with
more refined mesh.

Mesh does not change.

Element order adapts to
the pattern of stress
distribution found in the
model. High stress
gradients are meshed with
higher element order.

Global
error
control

Total Strain Energy
(called Target accuracy)

Total Strain Energy
RMS Resultant
Displacement

RMS von Mises stress

Local
error
control

Local strain energy
(called Accuracy bias)

Local strain energy

Maximum
number of
loops

Six:

The first one with the
original mesh and
remaining five with

| refined meshes

Four:

The first one with 2nd
order elements, the last
one with 5th order
elements

25 Examine chart options.
While examining the graph, use this opportunity to investigate the
graph options, which offer various ways to format and display the
graph. The graph options are too numerous and too detailed to discuss
here, but are self-explanatory.
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Method is Better?

Summary

Summary

Static Analysis of a Support Bracket

m The standard solution using h elements?
m The h-adaptive solution using h elements?
m The p-adaptive solution using p elements?

Generally, with the standard solution method using second order h-
elements, we obtain a reasonably accurate solution within a reasonably
short time.

Experience indicates that the standard solution method utilizing second
order h-elements offers the best combination of accuracy and
computational efficiency.

For this reason, the automesher in COSMOSWorks is tuned to meet the
requirements of an h-element mesh intended for the standard solution
method.

Both h-adaptive and p-adaptive methods involve iterative solutions
that stop either when the accuracy requirement has been satisfied or
when the maximum allowed number of iterations has been reached. In
this lesson, we requested a very low error to make sure that the solver
goes through the maximum number of iterations. This way we obtained
solutions with low, but not explicitly known, error.

Try running h adaptive and p adaptive studies again with
relaxed accuracy requirements so that the solver does not use up all
available loops.

[{ the convergence graph shows:

m less than six iterations have been performed for h adaptive solution
or...

m less than four iterations have been performed for p adaptive
solution

This means that the solution has stopped because your accuracy
requirements have been satisfied and not because the maximum
number of loops has been reached.

Both h-adaptive and p-adaptive solution methods are significantly
more time-consuming. Therefore, these solution methods are reserved
for special cases where the solution must have narrowly specified
accuracy.

The adaptive solution methods are also great learning tools, leading to a
better understanding of element order, the convergence process, and
discretization error. For this reason, you are encouraged to repeat some
of the lessons presented in this volume using the adaptive solution
technique of your choice.
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Lesson 11

Thermal Stress
Analysis of a Bimetal
Strip

Objectives Upon successful completion of this lesson, you will be able to:
m Perform a static analysis with a temperature load

Define temperature dependent material properties

Use sensors to retrieve results at desired locations

Use soft springs option in thermal stress analysis

Save the deformed shape of the model

Examine results in local coordinate systems
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Project
Description

Deformation
Analysis of
Bimetal
Assembly

Note

280

bt e

An aluminum strip, glued with a
nickel strip into a bimetal
assembly, Is at room temperature
(25°C). Without any constraints
on its deformation, the bimetal
strip is then heated to 280°C
(536°F). Due to the difference in
the coeflicients of the thermal
expansion of aluminum (200 W/m
K) and nickel (43 W/m K), the
bimetal deforms.

Aluminum

Nickel

Our objective is to find the deformations that arise due to the different
thermal expansions of aluminum and nickel, and the minimum required
strength of the bonding glue material.

[t is required that the numerical simulation is followed by an
experiment. Six tensometers, oriented along the longitudinal direction,
will be attached to the surface of the tested model (three on the top of
each part) as shown in the figure to measure the surface deformation,
To allow for the correlation between the numerical and experimental
data, sensors will be defined in the same locations in the linite ¢clement
model.

The deformed assembly will then be saved as a SolidWorks model for
further design applications.

o A R TP T T e e TR Tta T kit et = omom s S

Open assembly.
Open assembly file named bimetal with component parts: al
(aluminum) and ni (nickel).

Create study.
Create a study named bonded. (Static analysis, Solid mesh.)

The Ni and Al properties are automatically transferred from the
SolidWorks assembly. Because the model is exposed to an elevated
temperature, the material constants have to be modified accordingly.
The following two tables show the dependence of the material
constants on the temperature

Project Description
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Variation of SIGYLD [Pa] on temperature

Room | 100°C | 204°C | 260°C | 316°C

Inconel 702 [ . ;
Nickel Alloy 406.9e6 - 356e6 | - 326e6

2014 -Teé
Aluminum Alloy

378.6e6 | 330.5¢6 | 210e6 | 119.8e6 | 44.4e6

Variation of EX [Pa] on temperature

Room 100°C 204°C 260°C 316°C

Inconel 702

NicksLAllgy | 2272 - 223.4¢9 5 2059

2014 -T6

3 ! » o = & al
Aluminum Alloy 71.9¢9 | 70.6e9 | 64.1e9 | 50.8e9 | 50.5¢9

3 Assign material properties to Ni strip.
Right-click on the folder ni-2 (under the folder Solids) and select

Apply material to all bodies.

The material dialog window displays default Ni material constants at
room temperature.

Under the Select material source section, select Custom defined.

In the Tables & Curves tab, select the EX vs Temp curve under Type.
Select Celsius degrees and N/m? under the Table data section.

Selact materal souice Propaties | Tables & Curves | Fatigus SN Curves

() Uz Solidv/osks: matenal Type Pridig
nmm - v 1
@ Tope: B ve Temp bt
() Canbor Boeary. :
() From Eheary Has \
T able data
[&m al
| =8
= 0
&= .
=@ Fie
+ @
‘e (_vew_|
D~
[
a
i}
[}
B
™ b
< >
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Note

282

Enter the available data points from the table above defining the

dependence of the Young
Nickel Alloy.

To add a new line in the Table data definition, double-

click on the last row:.

’s modulus on temperature for Inconel 702

The number of data points can be excessive in many cases. In
COSMOSWorks, the data can be conveniently copied from other

programs such as Excel.

Under Type, select SIGYLD vs Temp,

| Propeties | Tables & Curves | Fatiguo SN Curves

set the Units to degrees Celsius and N/ Tope
m? (Pa). Tevec  [SIGM0 vaTomn ¥|
Table dats

Open the Excel file
materialdata.xls
located in the lesson
directory, and navigate to
the sheet with the Inconel
702 Nickel Alloy data.
Right-click on the
corresponding data and
select Copy.

Uit | TR Wiz

E3 Microsoft Excel - Alloy steel - uniaxial stress strain graph

iS]me B Wew Imet Fomst Tocs Dt Wndw Heb W
TN - DEWETIE UL 2 U T e TR

Paste the data into the  TRopees| Tabess Curves | Foigun S Curves]|

Table data area of the
Material dialog
window.

LS Al Do) 2 | e ith oo
2B FERy 25
A I B | c |
1]
2 |Incongl 702 Nickel Alloy (Ni-15Cr-3AR0.5T1) material data
3
4 Temperature [°C] SIGYLD [Nim®] | EX [N/m?]
5
E P 4.07E+08 2 30E+11
7 504 s E+11
B 316 Y ot OE+11 |
ER a2 Copy r
|10 B pasts
i Frene
| e [SIGVD vsTemn v
. |
| |
| Tahledal»?___. =R
vk e ¥ w2
| [Poirts| Temperature (Celsius] | Vield strength N/m 2]
Y oy Ter08
2 Sev008 [ Fe |
3 |36 Deiote L o0
Delele
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Switch back to the T Fropesies | Tabs & Curves | Faigus SN €
Properties tab. Under Malesial Propeities
the Temp Model Type. | | inear Eladlic |sotiopic w

dependency column,

’ Units sl v
click on thﬁf ‘ DR =y
corresponding cells for | User Defned
EX and SIGYLD, and Description
sclect Temp Properly | Descrption Wahie ~ TUnds | Tomp Dependency
[ Elastic moduhus hiE M/m"2 Temp dependant
dependent HUY  Poizson's ratio 000000024 B Constart
. GHY Shea modubus 7.9000002562+010 HW/m™2 Constant
Notice th at the cells DENS  Mass densily BS00 fgdm™3 Constant
. SIGHT  Tensile sirength 31000000 N/m"2 Comstant
for EX and SIGYLD SIGMC  Corpressive shengh N/w2  Constant
SIGYLD  ield sirength Ha000000 Him™2 Coratanl w
under the Value ALPX  Tremmsl suparsion o 170000003005 Kelvin
] h A 1 d K Thermal conductivity 43 WAmEK] Temp dependant
column show 1 an €  Speciichest 40 ifkgK)  Constart &

become inaccessible.

Click OK to confirm the definition of the Inconel 702 Nickel Alloy
properties.

Note We will assume that the thermal expansion coefficient remains
constant in a given temperature range.

4 Assign material to Al strip.
Follow the procedure above and assign the same (SIGYLD and EX)
temperature dependent material constants for 2014-T6 Aluminum
Alloy. The data can be again found inthe materialdata.xls
Excel file located in the lesson directory.

Note Note that, as always, when analyzing an assembly in COSMOSWorks,
the default global contact conditions are set to Bonded. As we analyze
glued components, bonded contact is appropriate.

5 Define sensors on Al strip.
Right-click the Sensors folder and select Edit/ @b

Define. St
W
- & Bond I (AL
s g;s:
In the Sensors dialog, under File Options click
Import. A
€ >
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Browse Lo the lesson

directory and Open the
file Sensor-
_.?'—Lluml'_num.cvt%. to P
import the coordinates on |
the sensors on the 21
SLrip.
Flesolpps [Exelflefe) v [ ]

Click OK to save the sensor eF B @
locations. 3 R
Note that the name of the sensor Y X D#W
is identical to the name of the file, /Sem=tst =

Sereor-AlEminom v

Sensor-Aluminum, Also,the | —— !
locations of the sensors will be
shown in the model.

3|1 3175 635 -

6 Define sensors on Ni strip.
Follow the procedure above to define the sensors on the N1 strip.

7 Apply temperature load.
Right-click Load/Restraint and select Temperature. Use the
SolidWorks fly-out menu to select both components of the assembly
whose names are visible in the Faces, Edges, Vertices for
Temperature ficld.
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=@ bimetal (Defauk <Display Sta...
+ | Al annotations
i€ Design Binder

F ial;! Lights and Cameras

Enter a temperature of’
280°C. This definition
states that the
temperature of both
assembly components
is uniformly elevated/
lowered to 280°C from
the reference
temperature al zero
strain.

Click OK.

8 Define zero strain temperature.
Right-click the bonded
study folder and select
Properties. The Static e
window opens. O IRok eonesss |
Select the Flow/Thermal L a——
Effects tab. 8 i '
In the Thermal options O e ek DR _
area, select Input SR L L N T !
temperature (this is the Seinchsaiebds '
default choice). The input | Tompersture fom tima siep: !
temperature is the 280°C || Rowercotowerwuestzmomon 25 Joown v |
that we defined earlier. Fluid prerause cption
| [inchude flid pressure effects from COSMOSFiWorks
Enter 25°C as the ’ e : !
Reference temperature s?mmmfm : A i
at zero strain. This g ol |
temperature corresponds || |
to the room temperature, | St o — fancall
and we assume that no [ oc [ comce ]
strain exists in the model
at this temperature, due to the structural loads and boundary
constraints.
Importing In the previous dialog window, notice that the temperature loads can be
temperatures from  also imported from the COSMOSWorks thermal study or directly from
COSMOSWorks the CFD (Computational Fluid Dynamic) simulation in
thermal study or COSMOSFloWorks.
COSMOS For the stress analysis it is also possible to import the distributions of
FloWorks

the fluid pressures from COSMOSFloWorks.

. TN e e ——

Deformation Analysis of Bimetal Assembly
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9 Stabilize the model.
Because the strip’s deformation should be unconstrained, we cannot
apply an external boundary condition. Since the model is in the state of
thermodynamic equilibrium and is not subjected to any external force
loads, we can use the soft spring option to stabilize the model.

Right-click on the bonded Solve

study folder and select S pie ElHesrpii stk

Properties. Under the S e ERE N
(3) FFEPs ] Use inertial refief

Options tab, activate the Use
soft spring to stabilize
model option.

10 Mesh the model.
Create a High quality mesh
with the global Element
size of 1.5 mm.

This element size creates
two layers of elements
through the thickness of
each part.

11 Run the analysis.

12 Plot displacements.
Plot the resultant displacements (in 1:1 deformation scale).

LIRES (mm)

We observe that the maximum displacement at the tip of the bimetallic
strip is 0.7 mm.
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13 Plot von Mises stress results.

won Wises (Nim"2)
2457e+008

I 2.253e+008
. 2.049e+008

. 1.845+008

. 1 Ba1e+008

1 437e+008

1.2338+008

1 028e+008

. B253e+007

. 6.2 3e-007

41732007
I 21340007
9. 584e+005

This plot can be misleading, however. As we learned in Lesson 1, the
von Mises stresses are obtained by averaging the siress values
extrapolated to the nodes from all the adjacent elements. In this case,
the stresses at the interface are averaged between two distinct parts. To
obtain the correct distribution of the von Mises stresses, we have to
disable the averaging across the part boundaries.

Right-click on the stress plot and select Edit e ——
Definition. [inciude thle text:
In the Property dialog, clear the Average results e

across boundary for parts box. e
R

von Misss (Wim~2)

3745008

l 243Te+008

. 34 25e+008

- 28 4e+008

. 2.502e+008

L 21ten0e

1 BT 824008

156784008

L 1.2566+008

! l. 9 &4 2e+007

6. 306e+007
I 3.210e+007
9.3848+005

The new von Mises plot above shows the correct distribution. We can
see that with the averaging across the boundaries option disabled, the
maximum value jumped to approximately 375 MPa in some interface
regions.
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To view the maximums in each of the two parts separately, hide the
other part in SolidWorks and plot the distribution of the von Mises
stress for the displayed part only. Also, the extreme values for the
shown parts only can be requested as described below.

Under Chart Options, activate the Show min annotations. Show
max annotations, and Show Min/Max range on shown parts only
options.

won Mises (Mm*2)

1.554+008

lil?&uom
L 120000008 A%

L 1470e008 T
. 10418+008
-
7 B49a+007

6 56T e+007

| 526580007
. 400384007

272 e+007
I 1 435007
1 555e+008

won Mizes (M2}
3743e+008
3 437e+008
L 3.425e+008
. 281404008
. 2.502e+006
24 w008
1 87 9e+ 003
1567 e+008
L 125804000
:-'?-. 944224007
.308a+007
I 20e+007
3.3840+005

We can see that the maximum von Mises stresses in the Aluminum and
Nickel Alloy parts, 155 and 375 MPa, are well above their
corresponding yield strengths at 280°C (93 and 335 MPa). This
indicates that both parts are yielding.

The accurate solution to the above problem can, therefore, be obtained

using a nonlinear modulus of COSMQSWorks, where full stress-strain
curves for the given alloys would have to be specified.

We will ignore the fact that the parts are vielding and continue with the
lesson. In the next part, we would like to analyze the interface layer and
find the minimum required strength of the bonding material

Deformation Analysis of Bimetal Assembly
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14 Show strain results at the sensor locations.

15

Define a new strain plot for the ESPX: X Normal strain component.

Right-click on the newly defined strain plot and  efamr===
select List selected.
[ animate...
Wy Section Cinping. ..
B 150 Goping. .
B Settings...
F Probe

T

Select From
sensors under wobe
Options and ) %)\

I

Uh)

Sensor- T s |
Aluminum C & Losation '

under Results. 2
The normal strain
values will be
listed in the table
and shown on the
model.

Node (Vaue X () |¥(n} Z(mn}

76 005 12071 41789 025
15454 4005 15 0125 0.5
|| 382 5e-005 E-008 0135 035 |

@& W

Note that the buttons under Report Options let you graph the results at
the sensor locations or save them in . cvs file for further processing.
Also, it is possible to include the results at all sensor locations in the
study report.

Plot distribution of normal stress SX.

Define a new stress plot for the $X: X Normal stress component. In
exploded view, analyze the through-thickness variation of the X
normal stress (use the Probe feature to path plot the variation of the SX
stress through the thickness).
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S (M)
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B Probe Result

Study name: Bonded
Plot type: Static nodal stress Stress3
Global value: -2 41424e+008 to 1.6324%+008 N/m~2
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2000000004 S e b
Abitop) - I
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z : : ,"' ..‘-.
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The results and the graph above indicate the following variation of SX.

Meutral axis

8.5 Mpa (tension)

e T F 4

-281 Mpa (compression) 2 Aluminum

?”313 Mpa (tension)
R L e i e Nicke|

=138 Mpa (compression)

ey
e o
(planes) _"'_"""‘_"
A ol e

290 Deformation Analysis of Bimetal Assembly



COSMOSWorks Designer 2007 Training Manual

16

Deformation Analysis of Bimetal Assembly

Lesson 11
Thermal Stress Analysis of a Bimetal Strip

We observe that at the interface the normal stresses change abruptly
from -81 MPa (compression) in Aluminum to 213 MPa (tension) in
Nickel. Furthermore, we can observe three neutral axes (planes) where
the normal stresses are at zero. Two of these axes (planes) are clearly
indicated in the figure. The third axis coincides with the interface
plane, where the normal stresses change abruptly from -81 MPa
(compression) in Aluminum to 231 MPa (tension) in Nickel. All three
locations are accompanied by the local extremes of shear stress that
may delaminate the glued strips (see the figure above).

Since our main goal is to obtain the required strength of the bonding
material, we will focus on the interface location. The bonding material
must be capable of resisting the shear stress at the Aluminum/Nickel
interface.

Reviewing the fnterpretation of FEA results section of the Introduction
reveals that we must plot the t,,, component of the stress. This
corresponds to the TXY: Shear stress in the Y dir on YZ plane
component.

Plot interface shear stress.

Define a new plot of TXY: Shear stress in the Y dir on YZ plane
stress. Display the plot in the exploded view and, under Settings,
request the Discrete fringe option.

Tawy (NAn*2)

1 254a+008

1 0898+008

9 2428+007

. 75528+007
5.9426+007
4 257e+007
264284007
991Ee+006

L 658564008

[

| 23084007
-3.958e+007
-5 E098+007

12588007
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Question

Examining
Results in Local
Coordinate
Systems
(Optional)

17

292

We can observe that the interface shear stress on the side of Aluminum
and Nickel are identical, i.e. the equilibrium is satisfied. The discrete
plot conveniently shows that the maximum value of shear stress
(ignoring the localized stress concentrations at the tip of the straight
section) equals approximately 10 MPa. This would be the minimum
required strength of the glue in shear for this application.

We concluded that the minimum required strength of the glue 1s
approximately 10 MPa. Inspection of the 1, plot above shows that
the bent part should experience much larger shear stress. Why?

For the answer review the following section.

Tay in the previous figure is referencing the global coordinate system.
[n the bent section, the global x, y and z axes are no longer aligned with
the interface geometry. In other words, the ., distribution in the bent

section no longer represents the interface shear stress.

For the correct representation of the interface shear stress in the bent
section, we have to switch to the appropriate coordinate system aligned
with the geometry.

Interface shear stress at the bent location.
Create a Discrete t,, plotwithAxis] usedasa

reference. Axis1 defines a local cylindrical V) X))
coordinate system aligned with the geometry of | puplay A
the bent section. & BORRERRSSY
Dy [Tor: sheor i ¥ dr, o
H Hjm~2 v
¥ o .
(%) Node values
() Element vakuss
— honly

Examining Results in Local Coordinate Systems
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Tady (MAn*2)

9.140e+007
7 B02e+007
6 A55e+007
. 5127e+007
. 3789e+007
24534007
111484007
- -2.234e4006
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-2 B90e+007
-4 23684007
-5 57484007

-6 B e 007

In the cylindrical coordinate system, the r, §, and z sequence of
coordinate axes corresponds to the x, y, and z sequence in the Cartesian
coordinate system. By specifying 1, in the plot definition dialog with
Axisl specified as a reference, we request a plot of T,y , which is the
interface shear stress.

The above plot of the interface shear stress shows that the bent section
experiences larger shear. The indicated value is approximately 24 MPa.,
As this 1s greater than the value of 10 MPa obtained from the straight
section, we conclude that this is the minimum required shear strength
of the bonding material.

Since the bonding material will also have to resist the normal stress we
would have to verify the interface normal stress in the proper
coordinate systems. It can be checked that this stress is significantly
smaller in this case (approximately SMPa) and will not govern.

We end this lesson by saving the deformed shape as a new SolidWorks
model so that it can be used as an assembly component to check for
interference, and so on.

Create deformed plot.
Right-click on the Results folder and select Define Deformation
Plot. (Make sure the plot is defined in 1:1 scale.)
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Save deformed plot as a VRML.
Right-click the plot icon and select Save As.

The Save As window opens.
Specily VRML as the target format.

Place the saved VRML file where you can find it. By default, the file is
saved in the folder that holds the automatically created reports.

Click OK.

Open the VRML file in the SolidWorks environment.

In the options area of the SolidWorks File, Open window, select
Import as Solid Body. Note that it takes some time to read the VRML
file into the SolidWorks application.

The deformed geometry model appears as an imported feature in the
SolidWorks FeatureManager. The deformed shape can now be
examined with the standard SolidWorks tools.

A simple bimetal assembly was analyzed when subjected to the
elevated temperature. To eliminate the effect of external supports, the
Use soft springs to stabilize model option was used.

At elevated temperatures, the values of some of the material properties
may vary considerably. In this lesson, we practiced the definition of the
temperature dependent yield strength and Young’s modulus.

The main goal of the lesson was to obtain the minimum required bond
strength of the interface glue. To obtain this value, a complex
distribution of the normal stress SX was studied, and the definition of
the neutral axes (planes) was introduced. Furthermore, the
corresponding component of the shear stress was plotted.

In the bent section, the curved geometry required the introduction of
the local cylindrical coordinate system. The interface shear stress was
then plotted with respect to this local coordinate system.

Since the experimental verification of the numerical results was
required a set of sensors were defined to extract the deformation results
at the specified tensometer locations.

Lastly, exporting of the deformed geometry as a VRML file was shown
and discussed.
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Lesson 12

Beam Elements-
Static Analysis of a
Conveyor Frame

Objectives Upon successful completion of this lesson, you will be able to:
m  Use beam elements to analyze weldment models
m Define appropriate beam joint connections reflecting the real
situation
m Post-process the results from beam elements
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Project The simplified model of a Detactive wald

Description conveyor frame (shown in S
the figure) is manufactured
from Alloy steel with all
the joints welded.

During the inspection, it
was found that the weld at
the indicated joint became
defective and was not
capable of transmitting the
moments. The faulty frame
is 10 be analyzed when
subjected to the operating loading conditions (combination of an
isolated force and a moment). All six legs of the frame are bolted to the
ground but only the two inclined legs can actually transmit the
moments to the floor.

1 Open part conveyor frame.
The part is located in the Lesson 12 directory.

2 Set COSMOSWorks options.
Set the global system of units to English (IPS) and the units of Length
and Stress to in and psi, respectively.

3 Create new study.
Create a new study named frame (Static, Beam mesh).

Note Notice a new [older Beams along with one subfolder - dtframe (oefaut<s
Joint groupl. "ﬁmm,
L8 oadRastrant
The frame can be analyzed using both solid and shell Besh

elements, both resulting in an excessive number of elements. Also, the
construction of the mesh along with the corresponding contact
conditions may take some time. In this lesson, we will use beam
elements: a fact that will allow us to greatly simplify the model with a
minimum sacrifice on the side of the accuracy.

e

e e i ——

S e = = ——

Beam elements Beams are another class of structural elements where all of the cross-
sectional characteristics are accounted for during the derivation of the
element stiffness matrix. As a beneficial consequence, these cross-
sectional characteristics do not need to be reflected in the finite element
mesh, thus, greatly simplifying the model preparation and analysis.

In general, the beam element has two nodes with six degrees of
freedom in each node. For more information, consult the Introduction
chapter in this manual.

A P L e P e P P TR e R PRI EE E TR e S g P s YRS S e e p——
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4 Define beam elements.

Right-click on the folder Beams and select = ¥ frame (-Default <As Machined> <As
Treat all structural members as beams. ] %ﬂvul
. ’ " 5§ Beam- 1{Structural Member 1[4])
Sixteen beam elements will be automatically 3 Bearn-2(TemfExtenda[1])
— & Beam-3(Structursl Mamber 1{2])
generated. S ot
F Beam S(Trm/Extend4[2])

5§ Beam-6{Structurd Mamber1[1 Ty
T Bear-7TrfExtends(1])

H] Beam-8(Structural Member 1{3])
5 Beam-o(TrimfExtendi[2])

g Boam- 10{TrimfExtend2{2])

3 Beanr11{TrimfExtend] 1)

Y Beam-12(TrimfExtend1[1])

g Baam- 13{Structural Membera[1])
& Boam- 14{TrimfExterdz(1])

5 Besm-15({TrwExtand (2]}

Y Beam-16(TrimExtends)

Note You can also define each beam clement individually by right-clicking
on the folder Beams and selecting Add beam.

5 Specify material.
Assign Alloy Steel for all beam elements.

T N— = e

Beam joints: As described in the previous

locations discussion, all of the beam cross-
sectional characteristics are already =
included as parameters during the | %
derivation of the beam element L7 1)
stiffhess matrix. The resulting mesh |
is, therefore, made out of lines
connected by joints. The lines
forming the geometry for meshing Joint 1
are identical to the sketches used to
generate the structural weldment members. For our case, the
corresponding sketches are shown in the figure.

The joints define the straight segments that will be meshed with beam
elements. While the detection of the joints is fully automated in
COSMOSWorks, the relative position of some joints may be too close
and we may wish to merge them, 1.e. merge two straight segments into
one. In the figure above, the joints 1 and 2 are relatively close and can
be merged.

p— asal -

— e — srrrereen

6 Calculate joints.
Under the Beams folder, right-click on Joint groupl and select
Edit.
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In the Selected Beams dialog, select All and click g & B @
Calculate. The generated joints will be shown in =
the Results dialog. Their location will be
displayed in the model as well.

Close joints
(will be merged)

@

Resuits

2l

| Jinit 4 | i
|

|

|

Note The joints identified in the above figure are relatively close and will be
merged.

In the Pinball Options dialog,
check the Preview pinball box.
With your mouse, drag the pinball to
the location of any of the joints to be
merged.

Activate the Manual pinball radius
option and, either using the
numerical field or your mouse,
increase the diameter of the pinball
so that it encloses the other joint (the :
corresponding diameter of the pinball is approximately 0.08 in).

Click Calculate to update the joint
locations.

Click OK to accept and close the Edit
Joints dialog.
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Beam joint types

Each beam end point features six degrees of freedom that may be
restrained or released to reflect various structural connection
configurations, COSMOSWorks offers the following options to
connect the end point of the beam element to the joint:

m Rigid - All six degrees of freedom are tied to the joint. This
connection type transfers all force as well as all of the moments
from the beam element to the joint (and vice versa).

m Pin - Only three degrees of freedom are tied to the joint. The
connection is not able to transmit the moments from the beam to the
joint (and vice versa).

m Manual - A custom designed connection tyP€ | endi connection 2
can be generated. @ Origd

2 Pin

Oside

(& Marus

[]Pin - ist drection

[P - 2nd diraction

[IPn - Along beam

[ Shde - 15t direction

[ 5k - 2nd direction

["] 5t - Along beam

Project Description

The faulty weld in the indicated joint eliminates the possibility to
transfer moments between the beam element and the joint. The moment
ties can be released by specifying the pin connection type.

Define faulty weld joint.
Under the Beams folder, right- = S8eams
click on the beam element - s
corresponding to the inclined
member with the faulty weld and
select Edit definition.

Note that the two end points are

graphically shown as red and gmﬁr‘”ﬁ““”-
blue circles, Y Bosm-1 1{Structura M

T B nen 1 Trden T ksl
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Select Pin for the upper connection s f R @

between the joint and the beam. PR

0,

. - . |Type.
Click OK to confirm the settings. = @sesn
O nss

8 Restrain the vertical legs.

Apply an Immovable restraint to the bottom joints on all four vertical
legs.

9 Restrain the inclined legs.
Apply a Fixed restraint to @ (19|
the bottom joints on the
two inclined legs.
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10 Define loads on corner joint.
Apply a 10,000 Ib force and ¢ F g @/

a 20,000 Ib in moment to the TN
corner joint. The force and v) %)) :
the moment are oriented iN | select Joints A
the Normal to Plane and W [ma >

Along plane Dir1 directions .
with reference to the Front |[33 Jrow ! |
plane, respectively. [7) Show praview

11 Mesh the model.

12 Run the analysis.

Note Notice how quickly the study completes. If solid or shell elements were
used instead, the computations would take considerably longer.
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13 Plot resulting displacements.
Define a RES: Resultant displacement plot.

URES (n)

1.190e-001
I 1 0ie-0M
9.915e.002

. BAMe002

3837e-032

Zoom closer to the section where both
inclined members connect the top of the
frame. Notice that the member with the
faulty weld rotated at the joint location,
while the other member remains perpendicular irrespective of the
structural deformations. This indicates that the faulty weld connection
does not transmit moments, indeed.

14 Plot axial normal stress.
Define an Axial stress plot.

Al PIA (pel)

1 84 Dee O3

I 1. 398e+ 03
8BS e 002

. 5.738e+002
. 15t9es002
| -2.500es002

| s 620eiom

1 oraesons
B 1 so000008

1 986003
23104003
2722003

Rch e U]

302 Project Description



COSMOSWorks Designer 2007 Training Manual Lesson 12

Beam Elements- Static Analysis of a Conveyor Frame

The Axial stress plot indicates a component of normal stress evenly
distributed across the cross-section of the beam element caused by
normal (axial) force. We observe a maximum value of approximately
1.8 ksi. The component is relatively small in this case.

Cross-section 15t To post-process the bending component of the normal stress, 1% and
post-p g p

and 2" directions 2™ directions must be specified.
1% direction is defined along the longest side of the cross-section, and
27 direction is perpendicular to it.

extrame fier location

" in direction 1

Longest side (direction 1)
centroid
_—
s extreme fiber location
direction 2 perpendicular i direction

to direction 1

15 Plot normal stress due to bending.
Define Bending in local direction1 and Bending in local direction2
stress plots.

BH‘MWESMJ

1 322e+004

l 1 030e+004
B.573e+003

. B250e+003

3827e+003

7 18584002
L 3petes0ns
hl -5 35404003
| .7 5570+003

A DO e 004

A 2330 +004

-1 .4668+004
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Bending MUE (pei)

l 2.29e+004
1.666e+004

- 1.47Be4004

1 07 0m+ 004

B B23a+003
254404003

-1 E35ae003

: . -5 6150003
-3 6%4ee03

=1 37 7e+004

1. 7B5e+004

=2.1938+004

These plots indicate the maximum value of the component of normal
stress (extreme bers location) caused by the bending moment. We can
observe a significantly greater value (than in the Axial stress plot) of

27.2 ksi.

Note Similarly, Bending in local direction2 shows the maximum value of
the component of normal stress in the direction2 caused by the bending

moment.

A total normal stress experienced by a cross-section is equal to the sum
of the axial and bending components: the worst case stress plot.

16 Plot the extremes of the total normal stress.
Define a Worst case stress plot.

Worsl case (psi)
2 3530+004
I 2:3198+004
. T40e+004

- 1.160e+004

. 5.A02e+003

£ 21084000

-5 7910003

L 115820004
L -1 73004004
-2 3t8e+004

-2 BS8ee 004

347 Te+004

-4 [5Te+004
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Summary

17

Beam Elements- Static Analysis of a Conveyor Frame

This plot adds the Axial and the Bending in local direction] normal
stresses. It is the plot of the most extreme normal stress experienced by
the beam cross-sections.

We can see that the maximum normal stress of 29 ksi 1s sull
significantly smaller than the yield strength of Alloy Steel (90 ksi).

Save and close the model.

In this lesson, we analyzed a conveyor frame model constructed using
the SolidWorks weldment feature. Since all the structural members
were thin and long, we used beam elements. Their use can greatly
simplify the analysis and make the computations significantly faster.

The model preparation consists of beam element and joint definition
steps, both of which are automated in COSMOSWorks. If any two
joints are generated too close, relative to the position of the remaining
joints, they may be merged.

Because beam elements feature six degrees of freedom at each end,
various possibilities for the joint / beam element connection exist. The
connection types were discussed and practiced as well.
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Lesson 13
Large Displacement
Analysis of a Clamp

Objectives Upon successful completion of this lesson, you will be able to:

m Understand the difference between geometrically nonlinear (large
displacement and geometrically linear (small displacement)
analyses

m Perform geometrically nonlinear (large displacement) analysis

m  Assess limitations of the linear material model
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Project A clamp is bent with a

Description 3,000 Ib. force applied to
one arm while the other arm
rests on a rigid support
(such as a steel block or
concrete foundation).

It is known that this load
deforms the clamp
significantly and brings
both of the arms in contact.

The goal is to ascertain whether this load causes the arms to touch and
il the clamp remains permanently bent after removal of the load.

e T T T W T L bk Bl S i et i e

Small vs. Large As explained in the beginning of this manual, COSMOSWorks
displacement Designer computations are limited to the small displacement class of
analysis problems (geometrically linear analysis). Here we will show that this

limitation is actually not present and COSMOS Works Designer is
capable of solving large displacement nonlinear problems as well.

In small displacement analysis, it is assumed that the shape of the
model before and after the deformation took place is nearly identical.

Consider a cantilever beam loaded by a pressure, as shown in figure ¢
below. First, let us assume that our load is small in relation to the
stiffness of the beam, resulting in deformations that are barely
noticeable (figure b below). The stiffness of the deformed beam,

[ K] (which is a function of geometry and the material), will be nearly
identical to the original stiffness of the undeformed beam, [K] .

We can, thus, conclude that [K] = [K, ], and that the lincar elastic
solution [K]{u} = {F} is valid as long as the above assumption is

acceptable.
; Wi
K
b. lll Py
K,

1 PRy
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Small
Displacement
Linear Analysis

Large Displacement Analysis of a Clamp

If the same beam is loaded with a significantly larger pressure, i1s
deformation will become large. Because of the significant change in the
geometry, the stiffness of the this beam, [K,], is considerably
different, and the linear elastic solution is no longer acceptable.

Cases b and ¢ are commonly referred to as small displacement and
large displacement problems, respectively.

Large displacement problems are of a nonlinear nature. They are
significantly more complicated because they require a gradual increase
of the load in small increments and elaborate iterational schemes to
converge the solution to the equilibrium. They are very sensitive to the
selection of the various analysis parameters and their solution requires
SOMe experience.

B e o A L T e S T o ey e . et aza=—ra=— e~

First, we will attempt to solve this problem as linear (with the
assumption of small displacements).

Open assembly.
Open the assembly c1lamp, and define a study named small
displacements. (Static analysis, Solid mesh.)

Review material properties.
The material properties of Alloy Steel are automatically translerred
from SolidWorks.

Apply restraint.
Locate the two faces created by the split lines
on the outside of the arms.

Apply an Immovable restraint to one face.

Apply force.
Apply a 3,000 Ib. force (use the Apply
normal force option) to the other face.

Small Displacement Linear Analysis 309



Lesson 13 COSMOSWorks Designer 2007 Training Manual
Large Displacement Analysis of a Clamp

5 Define surface contact set.
Define a No penetration, Node to %ﬁ ﬁ @
Surface contact set between the __Contact
two small faces at the end of the
clamp arms.

6 Mesh assembly.
Mesh the assembly with High quality elenments and the default element
size 0f 0.31 in.

7 Specify Direct Sparse solver.
Direct sparse solver is considerably faster for this type and size of
problem.

8 Run the analysis.
COSMOSWorks solver detects the large
displacements in the model and issues a
warning window (see the figure to the
right).

Click No to complete the analysis as
linear with small displacements.
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9 Plot resultant displacements,

Create a URES: Resultant displacement plot in True deformation
scale.

URES (i)

2 598e+000
2 382m+ 000
L 2.155e000
- 1 GdSe4000
| 173204000
I 1 5160+ 000
1.299e+000
1 83000
. aE6Te0m

- B.456a-0

. 4.331e-001
I 2.165e-001
3837e-032

A quick review of displacement results reveals that
the loaded arm has overextended the fixed arm.
Obviously, this result is incorrect.

Results The ignored warning of the solver along with the incorrect

Discussion displacement results are sufficient reasons to invalidate the produced
results. Therefore, we do not have to analyze the stresses.

Large To obtain the correct solution, we must use large displacement

Displacement formulation.

Nonlinear Before running the large displacement analysis let us go over the

Analysis differences between the contact solutions in small and large

displacement analyses.

Contact solutionin
Small and Large
Displacement
Analyses

In small displacement analysis. the normals to the contact areas do not
change directions during the loading. This implies that the direction of
the normal and friction forces remains fixed as well.

Contrarily, in the large displacement analysis, the directions of the
normal and friction forces are updated during the deformation process.
Because of the potential significant displacements and sliding in the
contact regions during the large displacement analysis, the Node-to-
Node (No penetration) contact option should not be used.
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For more information on the contact solution in a geometrically
nonlinear analysis, consult the COSMOSWorks Nonlinear training
manual.

10 Create new study.
Copy the study named small displacements into a new study
named large displacements.

11 Set study properties.
Right-click study large
displacements and select T e e
Properties. Under the Options tab select : :

Large displacement. | - Gapiorsc:
: [Zlinclude giobal tiction Fiiction coe

Click OK. [ fgnors cisarancs for sufecs cortact
%wﬁm
Sahvei
) Aukomatic [ Use inplane ¢
(3 Diect spaise [1Usa soft spri
) FFEPhss [ Uisa inestial re

12 Run the analysis.
Note that the solution
takes significantly longer R
due to the extra time itk e TSIl o T S
required to increment the e Tion Elowers: . 798| | DAF 3503
load in steps, as discussed
earlier.

Linear StaticV2007 SPOC:\...\clamp-large displace... [ | = [X]

' : 18 %

. 75 Corvleted

The progress dialog Remaningtme  00:04

wimdow shows the i

percentage of the total |

i Stop  Pauts Elpred Tme 000045 |

load applied as well as the _— -
solution progress at the current step.
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13 Plot resultant displacements.
Plot the distribution of URES: Resultant displacements.

LRES (i)
2 50w 000

I 231 D000
L 21002000

- 1 90000

_ 1 680e+000

- B.307e-001

L 42008001
l 2.100e-00H
38937e-002

We can observe that the detail of the
displacements at the tip location is what we would
expect, 1.¢. the tip edges of the contact surfaces are
nearly touching.

14 Plot von Mises stresses.

won Mises (psl)
2 03%e+005
I 1 563e+005
| 16944005
. 1.5248+005
. 13554005
. 1.186e+005

1 0B2+005

B 459004

| L E.77BesD04

. S0E2e+004

. 3.388e+004
I 1 E3dm+004
.31 3+ 000

Stress results are also consistent with what we expect (o see in a
bending problem such as this.

Note No high stress shows in the contact region because the mesh size is too
large to capture these localized contact stresses.

Observing that contact area is very small (in fact, the solution presents
it as a line contact) we conclude that our choice Node to surface
option in No penetration contact set definition is correct.
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While stress results obtained using the large-displacement contact
option are generally correct, a closer examination reveals some
problems.

Permanent
Deformation

COSMOSWorks
Advance
Professional

It is evident that significant portions of the clamp experience stresses
above the yield stress. Therefore, after the load is removed, the clamp
will not return to its original shape.

This is as far as we can take this problem using a linear material model
(the large displacement analysis is geometrically nonlinear, but the
material model is linear elastic).

To determine the shape and residual stresses in a permanently
deformed clamp after the load has been removed, the analysis must
include a nonlinear material model. This option is available in
COSMOSWorks Nonlinear modulus which is part of the
COSMOSWorks Advanced Professional suite.

The presence of a geometrically nonlinear solver (large displacement
option) in COSMOSWorks Designer provides the user with the very
powerful feature to solve problems out of the scope of the
geometrically linear static study. However, the solution of these
problems in general requires the correct setup of various parameters
and solver options. Because a large displacement modulus of
COSMOSWorks Designer uses a predefined set of parameters, its
solution success is limited.

All of the features and options of the advanced nonlinear solver are
available in COSMOSWorks Nonlinear modulus which is part of the
COSMOSWorks Advanced Professional suite. Furthermore, multiple
advanced material models are available in COSMOSWorks Advanced
Professional only. Users who wish to take their COSMOSWorks
expertise to the next level are encouraged to inquire about
COSMOSWorks Advanced Professional suite and to take a
COSMOSWorks Nonlinear training course.
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Summary

Large Displacement Analysis of a Clamp

In this lesson, we ventured into the next level of FEA analysis and
discussed and practiced the basic characteristics of the geometrically
nonlinear (large displacement) analysis. The limitations of the
geometrically linear (small displacement) analysis were discussed as
well.

We first attempted fo solve the problem using a small displacement
formulation, but erroneous displacement results indicated the need to
consider this analysis as a large displacement problem.

In the large displacement problem, the load was applied in steps and the
model stiffness was updated during the deformation process. This
process took longer to solve, but was required to obtain accurate
results.

Stress results indicated that the clamp will remain permanently
deformed after the load has been removed, but for a quantitative
analysis of this deformation a nonlinear material analysis (available in
COSMOSWorks Advanced Professional suite) would be required.

Finally, the significance of a COSMOSWorks Advanced Professional
suite upgrade for users interested in nonlinear FEA was discussed.
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Meshing
Strategies

Geometry
Preparation

318

Meshing, more precisely called discretization, is what converts a
mathematical model into a finite element model ready for solution.

As a linite element method, meshing accomplishes two tasks. First, it
replaces a continuous model with a discrete one. Meshing, therefore,
reduces the problem to one with a finite number of unknowns suitable
for solution with an approximate numerical technique. Second, it
represents the desired solution (e.g., displacements or temperatures)
with an assembly of simple polynomial functions defined individually
for elements. See the Introduction to FEA section of the manual for a
description of this process.

For the user, meshing is a necessary step towards the problem solution.
Many new FEA users expect meshing to be a fully automated process
requiring little, in any, input from the user. With experience comes the
realization that meshing is often a demanding task.

The history of development of commercial FEA software witnessed
many attempts to make meshing invisible to FEA users, but this has not
been a successful approach.

While the meshing process has been simplified and automated, it is still
not a “hands-off” task that runs in the background. As FEA users, we
require a means to interact with the meshing process.

COSMOSWorks finds the fine balance by isolating us from those
issues that are purely meshing-specific, but providing us control over
meshing when needed.

Ideally, we use SolidWorks geometry, toggle to COSMOS Works,
where we define the type of analysis and material, apply loads and
restraints, and then we mesh the geometry and obtain the solution.

This approach works well for simple models. More complex geometry
requires preparation before it can be meshed. In the process of
geometry preparation for FEA, we depart from manufacturing-specific,
CAD geometry and construct geometry intended specifically for
analysis. We call this geometry FEA geometry.

We differentiate between CAD geometry and FEA geometry based on
their different requirements:

CAD Geometry | FEA Geometry

Must contain all information Must be meshable
necessary for manufacturing

Must allow [or creation of a mesh
that will correctly model the data
of interest

Must allow for creation of a mesh
solvable within a reasonable time
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Idealization

Geometry Preparation
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Often CAD geometry does not satisfy the requirements of FEA
geometry. CAD geometry serves as a starting point in the process of FE
model preparation, but is only seldom used for FEA without
modifications.

We now describe several actions performed on manufacturing-specific,
CAD geometry in order to convert it into FEA-specific geometry.

CAD geometry contains all the
features necessary to make a part.
Many of those features are
unimportant for analysis and should be
suppressed prior to meshing.

At best, leaving such features results
in an unnecessarily complicated mesh
and a long solution time. At worst, it
may prevent the mesher from
completing its task.

Of course, determining which features to exclude and which to include
in the FE model requires careful engineering judgment. The small size
of a feature as compared to the overall size of the model does not
always justily its exclusion. For example, very small internal fillets
should be retained in the model if the objective of the analysis is to find
stresses in the area of the round.

Idealization modifies CAD geometry more substantially than
defeaturing. Idealization may, for example, involve converting 3D,
solid-CAD geometry into surface geometry suitable for subsequent
meshing with shell elements.

COSMOSWorks creates surface geometry automatically if Shell mesh
using mid-surfaces is sclected as the Mesh type.

CAD geometry meshed Idealized geometry meshed
with solid elements with shell elements

It is also possible to create a shell-element mesh on selected faces or
mesh the surface geometry constructed specifically for FEA.

Note that idealization creates an abstract geometry (zero thickness
surface) suitable exclusively for analysis.
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Clean-up

Mesh Quality

320

Clean-up refers to issues of <.
geometry quality that must be dealt ’% I,f' \\E\
with to enable correct meshing. :3:\ / =
] ) . / \\\."‘? ' Cleanup |/
Geometry that 18 adequate for / oy A [/
manufacturing purposes may / rE TN
contain features that either do not I'i\ i j{ e "“_ff f
mesh or force the mesher to create a '~-.\‘\_\"~-H / : .';‘;':-:_J_,l B /
large number of elements or create T —

distorted elements. Examples
include very short edges and/or faces. Those small features must be
removed or the automesher tries to mesh them.

Mesh creation may also fail because of quality issues, including
multiple entities, floating solids, and other quality problems.

To avoid creating elements with tangent edges (see see Mesh Quality
later in this appendix), geometry [aces may have to be merged.

Before merging After merging

Creating a solid-element mesh can be likened to a process of filling up
a volume with tetrahedral elements, while creating a shell-element
mesh can be likened to filling up a surface with triangles.

Recall from the Introduction to FEA section of this manual, that in the
vast majority of problems, the second-order, tetrahedral elements and
second-order, triangular elements map to curvilinear geometry and are

much easier to work with when meshing and analyzing.

This observation exemplifies the fact that clements experience
distortion during meshing, which brings us to the 1ssue of mesh quality.
While elements are almost always distorted in the process of mapping
to geometry, excessive distortion leads to element degeneration.

Mesh degeneration can often be prevented by controlling the default
element size or applying local mesh or component controls. We have

practiced mesh controls in many lessons. Now we discuss the most
important forms of element distortion.

Mesh Quality
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Numerical accuracy is best achieved by a ASPECT RATIO
mesh with uniform, perfect, tetrahedral inscribed / circumscribed circles
or triangular elements whose edges are

equal in length. For a general geometry, /d\_

it is not possible to create a mesh of L
perfect, tetrahedral elements. Due to

small edges, curved geometry, thin \

features, and sharp corners, some of the

generated elements can have some edges L
much longer than others. When the edges

of an clement become much different in AR =
length, the accuracy of the results

deteriorates.

large radius
small radius

The aspect ratio of a
perfect, tetrahedral
element is used as the
basis for calculating
aspect ratios of other
elements. The aspect
ratio of an element is Caorrect element shape  Excessively distorted
defined as the ratio elements

between the longest

edge and the shortest normal dropped from a vertex to the opposite face
normalized with respect to a perfect tetrahedral. By definition, the
aspect ratio of a perfect tetrahedral element is 1.0. The aspect-ratio
check is automatically used by the program to check the quality of the
mesh and assumes straight edges connecting the four corner nodes.

As part of the aspect-ratio check, COSMOSWorks performs an edge-
length check, a radius of inscribed and circumscribed radius check and
a length of normals check.

ASPECT RATIO ASPECT RATIO
edge length checks edges/face normal ratio

_ long edge length
short edge length

AR

long edge AR= longest normal
shortest normal

short edge

This aspect-ratic measure doas not
recognize “flat” elements as bad.
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Jacobian Check

322

Second-order elements map to curved geometry much more accurately
than linear elements of the same size. The mid-side nodes of the
boundary edges of an element are placed on the actual geometry of the
model. In sharp or curved boundaries, placing the mid-side nodes on
the actual geometry can result in generating distorted elements with
edges overlapping each other.

The Jacobian of an extremely distorted element becomes negative. An
element with a negative Jacobian causes the analysis program to stop.

The Jacobian check is based on a number of points located within each
clement. COSMOSWorks gives you a choice to base the Jacobian
check on 4, 16, or 29 Gaussian points or At Nodes.

The Jacobian ratio of 1.0 is given to a parabolie, tetrahedral element
with all mid-side nodes located exactly at the middle of the straight
edges. The Jacobian ratio increases as the curvatures of the edges
increase. The Jacobian ratio at a point inside the element provides a
measure of the degree of distortion of the element at that location.
COSMOSWorks calculates the Jacobian ratio at the selected number of
(aussian points for each tetrahedral element.

y JACOBIAN CHECK |

Correct element Self-intersecting element

It is generally the case that a Jacobian ratio of 40 or less is acceptable.
COSMOSWorks adjusts the locations of the mid-side nodes of
distorted elements automatically to ensure that all elements pass the
Jacobian check.

Even if this check of mesh quality does not issue warnings, avoiding
clements that are too “concave” is generally good practice. This can be
accomplished by using mesh controls or adjusting the global element
size.

Mesh Quality
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Note COSMOSWorks tries to place two
elements over a 90° arc. This,
combined with global elements that
are too large, may lead to very
small elements placed next to large
elements.

Too rapid a transition’
in element size

If arc is larger than 907, one
element is placed over the arc
leading to the creation of elements
with “concave” faces.

Applying mesh controls (here to the

round face) allows for the creation ﬂﬁtﬁ%‘?‘

it N
S .
of a correct mesh. NNASNSOOOAA
SOBASRAIOC

e I ‘!

S e

Mesh Controls We have practiced the use of mesh controls in many lessons. For easy
reference, we review them now.

Generally, mesh controls can be applied to faces, edges, vertices, and
assembly components.

Mesh control applied to:

Mesh Controls 323
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The definition of mesh controls applied to a part consists of specifying
the following:

m  Element size on the selected entity
m  Ratio of element size between the layers

®  Number of element layers to be affected by local refinement

LN,
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N
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Element size ratio between layers =
Number of transition layers = 3

—

5 Element size ratio between layers = 1.1
Number of transition layers = 8

The definition of mesh controls applied to a component consists of
specifying the Component significance, which instructs the mesher,

based on the position of the slider, to use a different element size for
cach selected component.

The left end of the slider corresponds to using the default global-

element size of the assembly. The right end of the slider corresponds to
using the default element size if the component is meshed
independently.

Low compenent significance

High component significance

[l the option Use the same element size is sclected, then all selected
components are meshed with the same element size as specified in
Mesh Control window.
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Automatic
Looping

Meshing Stages

Meshing Stages
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Many meshing problems can be solved by using a

smaller element size. Using a smaller element size, @““fr
= . . 3 i Draft
of course, results in longer solution times. e
To find the largest element size that still meshes, ™2
" . L T f ] wskomatic branskion
We can use Automat:c looping, specilied in the (2] Srocth sirfce
meshing options. (] Aukomtic looging Foe solid:

7 = _ Nusnbear 3 o~
Automatic looping instructs the mesher to of loops ;
automatically mesh the model again using a we [o8

. Factor
smaller, global element size. You control the Toearce. ==
maximum number of trials allowed and the ratio -

. 2 DMFMM;«IJ‘L
by which the global element size and tolerance are |~ eomesttiomesh

reduced each time. B Eistancict hck s

B 4pons -
Meshes to uss:

(¥) Standard

) Aernate

Meshing proceeds in three steps:

m Evaluating the geometry
m Processing the boundary
m Creating the mesh

Meshing problems may arise at any step.

During the first step, evaluating the geometry, COSMOSWorks checks
the geometry imported from SolidWorks. Geometry import is
completely transparent to the user.

The actual meshing of a solid component consists of two phases. When
processing the boundary, the mesher places nodes on the boundary.
This phase is called surface meshing. If the this phase is successful, the
third phase, creating the mesh, starts as the volume is filled with
tetrahedral elements.

If meshing fails when evaluating the geometry, the most likely cause is
a geometry error. To verify if geometry error is the cause, export the
geometry as an IGES to see if the error message, “Failed to process
trimmed surface entity” is displayed. If this message appears, send the
part to SolidWorks support for diagnosis of the geometry problem.

When processing the boundary, if meshing fails before the progress
indicator reaches the right end of the progress bar, the failure is due to
an error meshing at least one face. Right-click Mesh, and select
Failure Diagnostics to find the face causing problems. Use a split line
or mesh control to help mesh that face.

When processing the boundary, if meshing fails after the progress
indicator has reached the right end of the progress bar, but before the
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second check mark appears, then remesh with the tolerance of the
element size increased from the 5% default to 10%. You can continue
increasing the tolerance if 10% fails, but do not exceed 25% tolerance.

If the mesh fails when creating
the mesh, the failure is occurring
Pait: thp-1

in the volume-filling stage, B b st

Reduce the tolerance from 5% to PioGostRO BRI

1% of the element size. If the & Craaling mesh .

mesh still fails, reduce the (RiRsuN RN RERARRREAEE |

element size by 25% and set the

tolerance to 1%. Siop
Failure When meshing fails, COSMOSWorks displays a message and stops
Diagnostics unless the automatic mesh looping is active. A failure diagnostics tool

is provided to help you locate and resolve solid-meshing problems.

The Failure Diagnostics PropertyManager lists the components, faces,
and edges that fail. It also highlights the failed entities in the model
window.

To review the entities that prevented successful meshing, right-click
Mesh and select Failure Diagnostics.

The offending entities are listed in Failure Diagnostics window and
highlighted in the graphics window.

The Failure Diagnostics tool is available for a solid-element mesh,
but not for a shell-element mesh.
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Check for underdefined sketches.
Use SolidWorks Utilities to find sliver faces, knife edges, and so on.

For meshing failures on faces, create a shell study and select only the
failed face, Then try various element sizes until that face meshes.

If the mesh failure diagnostics do not provide enough information to
determine the exact location of the problem, successively cut portions
off the model to isolate the region of failure, or roll back the
SolidWorks models until the model meshes.

Select Tools, Interference Detection to determine where parts
interfere and where faces touch (coincident). Remember that

interference is allowed only if the shrink fit contact condition is
defined.

Do not model line contact (such as a cylinder tangent to a plate) or
point contact (such as the top of a cone touching a plate) between
assembly components. The area of contact should be > 0.

Note that when COSMOS Works meshes an assembly, “imprints™ are
made on all touching faces, allowing the nodes from both components
to align.

If honded contact conditions have been defined, then the same node is
shared by both components. If node to node or surface conditions have
been defined, two coincident nodes are created and joined by gap
elements. Gap elements remain invisible to the user.

Note that the color of the imprint in the following illustration has been
modified in a graphics program to make it clearly visible.

Imprint

Beware of imprints that cause sliver faces, thin annular faces, or faces
with multiple “lobes™ connected by thin sections.
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Thin section Sliver face

Tips for Using Shell meshing uses only the surface meshing phase; no volume filling
Shell Elements oceurs.
Although the use of shell elements results in a simpler model that
solves faster than a corresponding solid-element model, preparation of

a shell-element mesh is more time consuming as compared to a solid-
element mesh.

Meshing in mid-planes often results in disjointed meshes.

If surface geometry is to be meshed, split lines may be used where
surfaces meet to ensure alignment of the nodes and, consequently,
mesh compatibility, However, incompatible mesh with misaligned
nodes is also allowed!
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i =

Split lines added

- Compatible mesh

Meshing is the most critical step on the way to obtaining a solution.
The maximum mesh size, meaning the smallest, element size that can
be used, depends on the size of RAM memory.

While the simple rule “the more the better” applies, we recommend
2 GB for working with real-life, complex models.

Based on avalable system memory, specified element size of 0,1 mn is too small,
Please use an element size greater than 084046 mm ko run successk

Having successfully meshed the model we are only one step away from
obtaining a solution.

Generally, if a model can be meshed, it will solve; solving is a less
critical step than meshing.

However, several problems can arise. The solver may find problems
with model definition, such as no definition of material or loads. The
kinds of issues that prevent solution depend, of course, on the type of
analysis (static, frequency, and so on).

The solver may also detect rigid body motions due to insufficient
restraints. Rigid body motions can be dealt with using solver options,
such as Use soft spring to stabilize model or Use inertial relief.

Hardware Considerations in Meshing 329
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Choosing a
Solver
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Available solver options depend on the type of analysis.

Static analysis Frequency analysis Buckling analysis
Soft springs Soft springs Soft springs
In-plane effects In-plane effects
Inertial relief |

The meshed model is presented to the solver in the form of a large
number of linear algebraic equations. Those equations can be solved
with two classes of solution methods: direct and iterative.

Direct methods solve the equations using exact numerical techniques.
Iterative methods solve the equations using approximate techniques
where, in each iteration, a solution is assumed and the associated errors
are evaluated. The iterations continue until the errors become
acceptable.

COSMOSWorks offers two solvers types:

m  Direct Sparse solver
m  FFEPlus (iterative)

In general, all solvers give comparable results if the required solver
options are supported. While all solvers are efficient for small problems
(25,000 degrees of freedom or less), big differences in performance
(speed and memory usage) oceur in solving large problems.

[f a solver requires more memory than available on the computer, the
solver uses disk space to store and retrieve temporary data. When this
situation occurs, a message appears saying that the solution is going out
of core, and the solution progress slows down. If the amount of data to
be written to the disk is very large, the solution progress can be
extremely slow.

The following factors help you choose the proper solver:

B Size of the problem
In general, FFEPlus is faster in solving problems with degrees of
freedom (DOF) over 100,000. This solver becomes more efficient
as the problem gets larger.

B Computer resources
The Direct Sparse solver, in particular, becomes faster with more
memory available on your computer.

m Analysis options

B Element type

Choosing a Solver
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m Material properties
When the moduli of elasticity of the materials used in a model are
very different (like Steel and Nylon), iterative solvers are less
accurate than direct methods. The Direct Sparse solver is
recommended in such cases.

A solver canbe selected o)

in the study properties. (15 oy ok P Ey
Since the choice of the e e e
most suitable solver | - GapsSontact s
requires some experience, || Dlincdegobalictin fil st {0 ,
an automatic selection |} EJ00mm hemmio o sdg oot
has been implemented as () Lasge diplacement
well. Use this option if gule ee bod
you are not sure which Solves
solver is best suited for || o [l Uswiptane st
- () Dinect sparse [C]Use soft speing to stabifze model
your analysis. Shai Fliarat
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Customer help
and assistance

COSMOSWorks
Help

Online Resources
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COSMOSWorks features extensive apparatus to help you with various

information needs.

Nearly every dialog window contains a help icon. Use this as your
initial help option. Here you will find answers to most of the common
questions relevant to the desired topic or COSMOSWorks function.

BB ¢ @ :
T B TR =

Settings for Presdaw == |}f: _ Restram F0)
| ] Cover Page Cover Page )

[ Introduction = =

[] Descripton Lags

[¥] File Information o

[] M aterials

Load & Restaint Informationy Diee

[¥] Contact 5 TS

| [#] Study Propesty i EINERRER | |

[+#] Pt

[ Mesh Guaily Plots
[7] Defauh Resulls Puthor,

] Design 5 cenaia Rests e — eob

[7] Conchusion

[] Appardo: C :

P ’! Dae |
Report path: rectlessen E:]
Report fle name: | Hollow plate analysis | Report farmat () HTML () Microzolt Word
[] Show report on DK [=] Automaticaly update all plots in JPEG fles Piink vession

[ ok ] [ cancel | [ ﬁq; ]
]

The above figures show how to access COSMOS Works help files from
the most common dialogs that you may encounter in COSMOSWorks.

Right-click on COSMOSWorks and select
Research to display the Analysis Research

dialog.

@ shedy... |
& advser,.,
Makerial »
Loads fRestraint 3
L |
M e
Contact{Gaps ]
Shells ]
Mesh
E Aun _wads, ..
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Portal
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This area contains countless resource ek
information in organized and accessible -8 x

form. The functionality of some of the
links in the Analysis Research dialog is
described in the following text.

cylindrical coordinates

Example: Apphying o force

- Search Matwsb:

[polyurethanfoom k3

Exmmple: Allory steel

Search Knowledge Base

This database contains numerous targeted, well-organized and
maintained articles on various topics in analysis theory,
COSMOSWorks usage and troubleshooting, licensing, and many other
practical areas. We strongly encourage users to use this feature as often
as possible. Valid subscription and internet connection are required to
access this information database.

Search Matweb

A search query in this field will take you directly to the free online
material database matweb.com (free Premium membership is also
available). Internet connection is required to use this feature

Downloads
The latest upgrades and service packs (SP) can be downloaded from the
web download page that can be accessed via this feature.

Complete customer account information and customer service and
maintenance links can be accessed via the Customer service portal
accessible from www.solidworks.com website. The portal allows you
to submit service and enhancement requests, search the knowledge
base, view the information on the online seminars and various
discussion forums and much more.
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Subscription customers have access to the dedicated phone and email
technical support. Please contact your local VAR for the local technical
support telephone number and email address. A customer serial number

is always required.
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Animate Plot 47

Annotating Plots. 103

Artificial Restraints 120

Aspect Ratio 321

Assigning Material Properties 27
Automatic Looping 325

B
Bearing Load 193

G
Connector

Bolt 187, 198

Flastic support 187

Link 187

Pin 86

Rigid |86

Spotweld |87, 211
Contact

Bonded 107

Contact set 108, 114

Free 107

Large Displacement Contact 311

Shrink Fit 121

Surface Contact, 310

Virtual wall 108
Contact Stresses 124
COSMOSWorks 4
COSMOSWorks Manager 22
Create Study 26

D

Define Force 33

Display/hide foree symbols 33
Display/hide restraint symbols 32

E

Element Types 9

Elements
First Order Shells 11
First Order Tets 9
Second Order 10
Second Order Shells 12

F

Failure Diagnostics 326
Flow/Thermal Effects Tab 285
Force Type 34

Index

Apply lorce/moment 34
Apply normal force 34
Apply torque 34

G
Geomeltry Preparation 318
Gravity Load 234

H
H vs. P Elements 271
H vs. P! Elements - Summary 276
h-adaptive 262
Accuracy Bias 263
solution parameter 263
Target Accuracy 264
Hinge 31
Hoop Stress 123

|
Incompatible Mesh 100
Iso Plot 43

J

Jacobian Check 322

L
Local mesh control 6%

M
Mesh details 50
Meshing Stralegies 318
Midsurface Shells 157
Mixed Meshing 222
Supported Analysis Types 224
Moment Load 181
Multiple Studies 49

N
MNodal vs. Element Siresses 4(

p

p-adaptive 268
Parameters 254
Pressure Load 164
Principal Stresses 16
Principal stresses 81

R
Remote Load 133

Index

Index

Restraint Type 30
Fixed 30
Immovable 30, 186
On cylindrical face 31
On [lat face 31, 187
On spherical face 31
Radial Restraint 203
Symmetry 31,273
Use reference geometry 192
Result folder 24
Results in Local Coordinate
System 122
Roller/Sliding 31
Run analvsis 38
Run Analysis After Meshing 173

s

Saving all plots 125

Saving Deformed Maodel 293

Set mesh options 36

Shell Meshing
Midsurface Shells 137
Shell Mesh Alignment 139
Shell Mesh Using Surfaces 179
Thin/Thick Shells 168

Show Plot 39

Solvers 329

Spring Connector 207

Strain plot 48

Stress Singularities 77

Symmetry Restraints 163

T
Temperature Load 283-284, 289

u
Units 17
Use relerene gcometry 31

A
YWon Mises Stress 15

W-Z
Zera Strain Temperature 285
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