4 Mesh Control in SW Simulation

4.1 Introduction

You must plan ahead when building a solid model so that it can be used for realistic finite element load and/or
restraint analysis cases. You often do that in the solid modeling phase by using lines or arcs to partition lines,
curves, or surfaces. This is called using a “split line” in SolidWorks and SW Simulation. There is also a “split
part” feature that is similar except that it cuts a part into multiple sub-parts. You sometimes need to do that
for symmetry or anti-symmetry finite element analysis so that we can analyze the part more efficiently. Here,
the concept of splitting surfaces for mesh control will be illustrated via stress analysis.

4.2 Example Initial Analysis

The split line concepts for mesh control will be illustrated via the first tutorial “Static Analysis of a Part”, using
the SW Simulation example file Tutorl.sldprt which is shown in Figure 4-1. (Remember to save it with a new
name by putting your initials at the front.) Consider that tutorial to be a preliminary analysis. You should
recall that there was bending of the base plate near the loaded vertical post. However, the original solid mesh
had only one element through the thickness in that region and would therefore underestimate the bending
stresses there. You need to control the mesh there to form 5 to 6 layers to accurately capture the change in
bending stress through the thickness.
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Figure 4-1 Original part, restraints, load, and mesh

The original deformed shape, in Figure 4-2, is shown relative to the undeformed part (in gray). You see
bending at the end of the base and deflection of the part bottom back edge in the direction of the (unseen)
supporting object below it. From the original effective stress plot in Figure 4-3 and Figure 4-4 you can see that
large regions, within the red contours, have exceeded the material yield stress. Actually, the maximum value is
over 133,000 psi, or about 1.5 times the yield stress, on the top and bottom of the base. Clearly, this part must
have its material or dimensions changed and/or new support options must be utilized.

4.3 Structural Restraint Options in SW Simulation

Solids and shells must be restrained and loaded in different ways since shells also have rotational degrees of
freedom and solids do not. Table 4-1 lists the current restraint or fixture options for solids within SW
Simulation. Note that they only involve components of the displacement vectors. The loading options for
solids are given in Table 4-2. They involve only forces, pressures, temperature differences, and accelerations.
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No pure couples (moments) can be specified at a node. Of course, loadings statically equivalent to applied
couples can be specified by spatially varying pressures.

Once the restraints, loads, and materials have been specified the mesh must be generated, as discussed in the
next section. For complicated parts it is sometimes wise to generate the mesh first. The mesh generation
phase can fail for various reasons (mainly bad solid models or insufficient memory resources). If it does fail the
time spent on loads and restraints may be wasted. When a mesh exists too, you proceed on to running the
analysis. Then you must conduct and document the post-processing the analysis results. Those phases will be
introduced in the following general introduction to SW Simulation for stress studies.

Table 4-1 Fixtures for solid stress analysis

Fixture Type

Fixed or Immovable
Hinge

On cylindrical face

On flat face
On Spherical face

Roller/Sliding or Symmetry
Use reference geometry

Solid Element Definition

All three translations are zero on face, edge, or vertex.

On a cylindrical face, only the circumferential displacement is allowed.
The cylindrical coordinate displacements normal to and/or on the
cylindrical surface are given.

Displacements normal to and/or tangent to a flat face are given.
The spherical coordinate displacements normal to and/or on the
spherical surface are given.

Two displacements tangent to a flat face are allowed.

A face, edge, or vertex can translate a specified amount relative to a
reference plane and axis.

Table 4-2 Load conditions for solid stress analysis

Load Type
Apply force

Apply normal force
Apply torque
Bearing Load
Centrifugal

Connectors
Gravity

Remote load
Temperature

Solid Element Definition

The total force on a face, edge, or vertex is given relative to a single
edge or axis direction.

The total force normal to a face, at its centroid, is specified and
converted to an equivalent pressure.

The total torque on a face is specified with respect to an axis and
converted to an equivalent pressure.

On a cylindrical surface give the total force in a Cartesian X or Y direction
to convert to a sine distribution pressure.

The angular acceleration and angular velocity are given about an axis,
edge, or cylindrical surface.

See SW Simulation help files.

The gravitation acceleration value is given and oriented by an axis, edge,
or a direction in or normal to a selected plane.

See SW Simulation help files.

Not recommended. Transfer from thermal analysis.

Begin by reconsidering the restraints utilized. In many problems the restraints are unclear or questionable and
you need to consider other restraint cases. You previously restrained all the three translations on the two
small cylindrical surfaces. That makes those surfaces perfectly rigid. That would be almost impossible to build.
It is likely that the holes were intended to be bolt holes. Then the applied backward (-z) pressure load would
probably require the development of tension reaction forces along the back (-z) half of the bolt cylinder. That
would not happen because an air gap would open up. Also, a bolt usually applies a restraint to the surface
under the bolt head (in addition to a bolt bearing load on its cylindrical part), and that is not in the original
choice of restraints. Furthermore, the bracket seems to be attached to some rigid object under it and
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therefore you would expect the back edge of the bracket to be somehow supported by that object when that
region of the part deforms as seen in Figure 4-2. The original effective stresses are in Figure 4-3 and Figure 4-4.
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Figure 4-3 Original top surface effectives stresses

As a new possible restraint set, assume that the bolt heads are tight and act on a small surface ring around
each hold. That could provide rigid body translation restraints in three directions. Each bolt would prevent
three translations and the pair of them combines to also prevent three rigid body rotations. Thus they
combine to prevent all six possible rigid body motions (RBM). If the bolts were not tight then only a normal
displacement (along the bolt axis) would be restrained on the base top surface (and two RBM would remain).

Bearing loads on the bolt shaft can be found by an iterative process in SW Simulation, but for early studies you
can assume a small cylindrical contact at the most positive z (front) location. The previously computed
bending of the part is also assumed to cause contact with the supporting object below, and thus a y-
translational restraint, along the bottom back edge of the part. To accomplish those types of restraint controls
you need to “split” the surfaces and transition the mesh in those regions to get better results. Thus, you need
to form two smaller surface rings for the bolt heads, and split the cylinders into smaller bearing areas.
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4.4 Splitting a Surface or Curve

To avoid changing the master tutorial file, open the part and then “save as” a new file name on the desktop.
To introduce the required split lines:

1. Select the top surface of the base by moving the cursor over it until its boundary turns green and
Insert Sketch.

TR

E& Invert Selection

Select Connected Faces

2. Pick the Sketch icon and pick the Circle option to form a bolt head washer area.

3. Place the cursor on the hole edge to “wake up” the center point. Draw a larger circle on the surface.
Set its diameter to 30 mm and click OK. That does not change the surface; it just adds a circle to it.
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4. To split the surface go to the top menu bar and select Insert = Curve = Split Line. The Type will be a
projection.

Insert | Tools Simulation  Window Help Q E

Boss/Base
Cuk

AN BT

AsE-O-7

3
3
Features r
Patkern Mirror L4

3

Fastening Feature

-

Surface

Face L4

Curve @ Split Line. .. [:
Reference Geametry L4

Il | Projected. ..

5. Next, pick the surface(s) to be cut by this curve. Here it will be the top of the base plate again so select
it and click OK. Repeat the above two processes for the second hole.

T2 Split Line 7

W R

Type of Split
" sihouetke

g

=" Projection

" Intersection

Selections

w |_| Current Sketch,

b d

Now you will see that moving the cursor around shows a new circle and a new ring of surface area that could
be used to enforce restraints or loads. The new surface areas are shown in Figure 4-5. Later you will use these
newly created ring areas as a bolt head (washer) restraint region.

Figure 4-5 The original surface is now three surfaces
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To form a vertical bearing region on the bolt hole sidewall:

1. Select the top surface and use Sketch = Line. “Wake up” the center point again. Use it to draw a
construction line forward from the center, and two other radial lines offset by about 25°.

% Split Line ?

o R

| Type of Split -
™ Silhoustte

i« Projeckion

" Interseckion

N I | Current Sketch, | k

| —

2. Select Insert = Curve > Split Line and pick the cylinder of the first bolt hole, click OK. That creates a
new load bearing surface that could be used to restrain and/or control the mesh.

3. Repeat those operations for the second bolt hole.

The above surface splits were constructed to give more flexibility in applying various displacement restraints.
You will need another surface split to help exercise engineering control over the revised mesh. You want the
“L” shaped side area to have the leg split off so you can control a bending mesh there:

1. Right click on the (+x) right side face, Insert Sketch->Sketch—>Line.

2. “Wake up” the left vertical line to put in a short vertical line that crosses the base.

3. Use Insert = Curve—> Split Line and select the “L” face, click OK.

Now you see it has become two rectangles. You can control the number of layers in the smaller one to
account for local bending.
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All of these new surface areas and lines can have different local mesh sizes prescribed to control our mesh
generation. That is a standard feature of SW Simulation, but you must supply the engineering judgment as to
where any part needs the extra line or surface divisions for applying loads (or heat sources) and restraints in an
analysis. True point loads or point moments are unusual in practice. They should be replaced by reasonable
loading areas (that require split curves) and pressure distributions.

_'_'_—_'_'_'_,_,_,-'-"’

‘—'_'_'_'_'_‘_,__,—'-"""ﬁ

4.5 Beginning SW Simulation study
Activate the SW Simulation Manager by clicking on its icon:

1. Then start a static study. In this case the element type defaults to a quadratic solid.

d‘kﬁlm _example_1 {-Default-)

[ —— "l WWindous - ﬁ g Connections
- Type - Fixtures
Study. | i External Loads
CHELTN -
Material ® | static | |y mesh

2. Pick alloy steel as the part material.
— Select matenial zource r
" Use Solidworks matenal
" Custorm defined

% Fram library files: I sn:nliu:le

w5
w1 £ lron (5]
.--I_l Alurninivm Allays [35)
Q"Sim_&xample_l (-Defaulk-) ."I_l Copper Alloys [13]
.--I_I Titaniurn flloys [17]
&=l Apply Edit Material. . .__I_l Zitve: Al [4]
""" Fixt Treat as Beam ."I—I Other Alloys (3]
- iﬂ Excke .--I_I Flastics [19]
Treat as Remote Mass. ..
il Mes -1 Other Metals [11)
lE Exclude From Analysis r JE] L™ WM’
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3.

Note that you have a choice of display units for the properties. The number of significant figures in
the test data should be independent of the units selected. Any difference is due to using a higher
number of digits in the units conversion. Do not be mislead by a long string of digits in materal values.
You can usually trust the first three, or maybe four. Note for later use that the yield stress of this

material is about 620 MPa or 90 ksi.

Units: I_ vI ¥ Mmm™2 [MPa] | miks: Englizh [IPS] [

Cateqory: ISteeI Cateqgary: ISteeI

Mame: I.t'-‘-.llu_l,l Steel Marne: Ia'l'«llu_l,l Steel

Description: I Drescription: I

Source: I Source: I

Eﬁ;‘?;g”a"ure ||'-1a:-: wion biges Strezs j Erﬁzg:allure |Ma:-: won Mizes Stress j
Froperty |"v‘alue | itz Froperty | Yalue | itz
Elastic modulus 210000 M i "2 Elastic modulus 20457324 52 pai
Puoiszon's ratio 028 M, Puoiszon's ratio 0.2a Pl
Shear modulus 73000 M Amm ™2 Shear modulus 11457381 28 pi
b azs density ¥£99.939939 kgfm”™3 M azz denzity 0.2781801957 Ibfin™3
Tenzile strength F23.8255993 M /mm”2 Tenzile strength 1049820275 pzi
Compreszive strength M Amm™2 Compressive strength psi
Yield strength B20.422 M Amm ™2 Yield strength 29984 60332 pai

4.6 Mesh Control

Wherever translational displacement restraints are applied, reaction forces are developed and localized stress
concentrations are likely. Therefore, you want to assure that small elements are created in such regions. This
process is referred to as mesh control. Itis required in almost every study. Invoke it with:

1.

Right click on Mesh—> Apply Control to bring up the Mesh Control panel. The default element size of
about 3 mm needs to be changed in the new regions created above. Select the region around the two
bolt washers by picking those two surfaces, and setting the desired size to 1mm.

L, o :

wa Simplify Model for Meshing
[ty Create Mesh...
Mesh and Bun

Failure Diagnostics. ..

Details,

@ apply Mesh Cantral. .. k

Create Mesh Plat, .,

¥ R

Selected Entities

N

]

[T Use per park size

=

Mesh Density

B ————— &

Coarse Fire

Mesh Parameters ]
A [

# [ 1.00mm

ES
L

-Transitions
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2. Likewise, for the two bearing surfaces within the smaller vertical cylindrical holes set the size to about
1.0 mm.

]

Selected Entities

m Face<3i=

Element Size (mm):
Retio:

[ Use per part size

]

Mesh Density

i -

Coarse Fire

T et |

Mesh Parameters o

A [ <]
#  [1.00mm jg

3. In the final corner region you need several elements through the thickness of curved front corner to
accurately model the local bending seen in the first study. Select the small split rectangle and the
adjacent cylindrical corner and use an element size of about 1.5 mm.

Mesh Control i

« R

Selected Entities

m Face<l>

b+ ]

[T Use per part size

Mesh Density -]
o — J— Ritio:
Coarse Fine
Mesh Parameters ]
B fom =
& [1.50mm ==
[T RNENEENEREEREEFT ]
% [1s BE
RN NEEENE R ERREEETT ]
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4.7 Mesh Preview

Use Mesh—>Create to generate the mesh. Then examine the mesh and increase or decrease the local sizes
specified above so that it looks acceptable, as shown in Figure 4-6. Note that the mesh makes a smooth
transition from the smaller element sizes to the larger default size in the far body regions. An additional
refinement near the corner of the base and rectangular shaped leg (below the loaded tube) would also be

wise. You should always preview the mesh before running the solution.
A AT AS LT A4 7 - NN ]
e AN AR -
o avaVAW N AV S VAN, ._

SR

A =

-] !-{ta

Figure 4-6 Controlled mesh sizes for the second model

4.8 Fixtures (Restraints or Essential Boundary Conditions)

Various terms are used to describe the essential boundary conditions: fixtures, restraints, supports, etc. In SW
Simulation the term is Fixtures. The part fixtures will be enforced by beginning with the new surface areas
representing the bolt washer contact regions:

1. Select Fixtures = Roller/Slider and restrain the washer areas against y-translation perpendicular to
the base (solid elements do not have rotational nodal DOF). This will also prevent rigid body motion
(RBM) rotations about the x- and z-axes.

|

_____ :Lﬂ Extern: ‘F Fixtures fdwvisar, ..

% Mesh Fixed Geometry. ..

ey

iwed Hinge. ..

Elastic Support. .,
Bearing Suppork. ..
Grounded Bolt. ..

Advanced Fixtures, .,
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2.

In the Standard panel pick the two concentric ring faces as the Selected Entities and chose

Roller/Slider as the Type.

Fixture 7

o K

(e (30

&«

| Example

Standard{Roller/Slider) &

| Fixed GEomekry

RollerfSlider
@ Fixed Hinge

Fan:e-::l ::- |

é

Next select the two cylindrical bolt bearing faces and restrain radial translation on the Advanced
Fixtures = On Cylindrical Faces Type. That prevents x- and z-translational RBM and the y rotational

RBM. At least all RBMs are now safely accounted for.

F Fixtures Adwvisar, ..

Fixed Geometry. ..
Rollerfslider. .
Fixed Hinge. ..
Elastic Support. ..
Bearing Suppart. ..
Grounded Bolt. ..

Advanced Fixkures. ..

R

Type @

| Example

&

| Standard

L

Advanced{On
Eyllndrlcal Faces)

oy

Symmetry
(_B Circular Symmekry
@ Use Reference
Geametry
3| on Flat Faces
Eﬂ On Cylindrical Faces

@ On Spherical Faces
B

Translations

El—_l

@

On Cylindrical Faces: | |
Radial (m): o]

Finally, this study will assume the bottom back edge helps support the part due to contact with the
strong background material, to which the bolts are also assumed to be rigidly attached. Use Fixtures
- Advanced - Use Reference Geometry. Select that back edge line and choose the bottom plane as
your reference plane Type. Restrain the edge line displacement, relative to the bottom, by picking the
vertical direction (perpendicular to the bottom plane) and preview the restraint arrow to verify the
correct choice. That prevents RBM in y translation and z rotation.
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[Tve [sp |

@ Circular Symmetry

71| Use Reference
Geometry

@ On Fat Faces
@ On Cylindrical Faces
@ On Spherical Faces

ED Edge<1>

E‘D | |Facee.3>

Translations

B [
STjC L
W[
@F S

4.9 Pressure loading

This part has one pressure loading on the large front tube face. Impose it with:

1. External Loads—>Pressure.

 SEEE g7 xtermal Loads Adveor
4 Force...
Torque...
u
& Gravity...

2. Inthe Pressure panel give the Pressure Type as normal to the selected face, set the units and value
(1,000 psi) and preview the arrows to verify the direction (sign of the pressure), OK. At this point, you
may wish to take advantage of the standard Windows feature and rename this load condition from
the default Pressure_1 to Front_ring_pressure, by doing a slow double click on the default name.
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eSS E %
« R |F'ressure Yalug (psil: |1DDD|
Type || Spii

Type A
® Normal to selected face

(" Use reference geometry

NN Face<1>

Pressure Value 2
B [ps ~]
& 1000 vlns

Clearly, the resultant applied force will be that pressure times the selected surface area. Since SolidWorks is a
parametric modeler remember that if you change either diameter of the tube the area and the resultant force
will also change. If you mean to specific the total force then use External Loads—>Force and give the total
force on that area. It would not change with a parametric area change.

Remember that when the study results are obtained later, to check the total force caused by the above
pressure you can check the reaction force since it must be equal and opposite. (You can do that in post-
processing by right clicking on the Displacement report->Reactions). The z-reaction force will give the equal
and opposite force to the total applied here (since this is the only z-force applied in this example).

4.10 Run the Study

Right click on the study name and select Run. Proceed to post-processing the results as shown below.

4.10.1 Check support reaction values

After any structural or thermal study you should check the reactions from the surroundings that were
approximated as restraints or fixtures. They will be equal and opposite to the resultants of the applied loads
or heat sources. Right click on Results = List Result Force = Reaction force. Under Selection pick the
restraint regions in the model, and set the units. Update gives the plot shown (Figure 4-7), and a table of
component values for the forces. (Study the plot as it will be reconsidered later.)

- mésacﬂw
iz Hol fI% List Pin/Bolt/Bearing 'tdrce...

=4 Exterr Reaction Force (N)
LU Fro Create Body from Deformed Shape...
= Mesh Save All Plots as JPEG Files Component | Selection | Entire Model
é--@r\v‘lez Save All Plots as eDrawings Sum X 0.17518 0.17518
@ Create New Eolder sSum Y -2.8308 -2.8508
) Copy sSum Z: 12628 12628
SRR esulty 1 Resultant: 12628 12628
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Result Force 2

Fx:  [0.0915 Ik
« o Fy: [4.24e+003 Ib

FZ, [-0.00823 b
Options 4 | |[FRes: [4.24e+003 |b

& Reaction force

(C Remote load interface force
(" Free body force
 Contact/Friction force

Selection

L4

Reaction Force (Ib)

]

Companent |Selection |Entire Maodel

sum X: 0.039382 0.039382
Sum Y: -0.64088 -0.64088
sum Z: 2838.9 2838.9
Resultant: 2838.9 2838.9

Fx: 51 b

Fy: 105 1h

FZ: -2.37e+H03 |b
FRes: |2.372e+H103 b
F: 224 b

Fy: |-92.11h

FZ: -458 |b
FRes: 103 lb

Fx: B1.11b

Fy: |-3.93 1k

FZ: 5. 15e+H03 |b
FRes: |5.15e+H103 Ib
Fi 15.9 |b

Fi: |-4.15e+003 |b
FZ: 121 |b

FRes: [4.15e+103 |b

Figure 4-7 Reaction forces from the washers, bolts, and back edge

The ring of pressure applied in this problem was totally in the z-direction. Therefore, there should be no reaction forces in
the x- and y-directions. While not zero they are 10~* times smaller. The iterative solver was used to get the current

results. It is much faster than the optional direct solver, but a direct solve will be slightly more accurate. When obtained
from a direct solve the reaction forces are more correct (below), but the difference is not important..

Reaction Force (Ib)

Compenent |Selection |Entire Model |
Sum X: 0.00012652 0.00012692
sumY: -0.0001906 -0.0001906
Sum £: 2838.9 2838.9
Resultant: 2838.9 2838.9

4.10.2 Display a design insight

Some engineers try to visualize how the major loads are transferred to the supports via the “load path”. SW
Simulation has a tool to assist with that: Right click on Results = Define Design Insight Plot.

e ® Define Stress Plot...
" @e\;:ne r_ B Define Displacement Plot...

T corme B Define Strain Plot...

b Fixtun )
~-zfVW:  List Stress, Displacement, Stra
‘-z Bac [t List Result Force...

“-zfHo [ List Pin/Bol/Bearing Force...
LA Exterr

Define Design Insight Plot...

Create Body from Deformed ¢

| I—
8 Defne Factor Of Safety Pot.. IR =T 1B (T 1 SN

« X 4=

by

Message

Ul Fra These translucent areas may be
ey Save Al Plots as JPEG Flles removed with more confidence in
o [Eme  SaveAlPlots as eDrawings pursuit of a reduced weight design.
B You are encouraged to check your
8 Create New Folder new design with a subsequent
Copy study.
RLEResults) 1

Adjust the slider to plot a
continuous path between the loads
and the restraints. The translucent
portions of the Design Insight plot
carry the applied load less
effectively than the solid portions.

Figure 4-8 Major material "load path" through the part
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4.10.3 Displacement results

Start with the color contour of the part, but with the contours scaled to match those of the previous study:
Results = Displacements, then Chart Options = Display Options > Defined and set the prior maximum
value. Figure 4-9 (left) shows the new displacement distribution which is less that half as large as before, and
includes smaller regions of bending. To add a more informative displacement vector plot:

1. Right click in the graphics area. Then pick Edit Definition—>Advanced Options = Show as vector plots
2>0K.

2. When the displacement vector plot appears use Vector Plot Options to dynamically control the clarity.
Rotate this view (hold down the center mouse button and move the mouse) to find the most
informative orientation.

The right side view of the original displacements is shown amplified in Figure 4-10 (left) and compared on the
right to the new displacement values. Both are shown at the same scale, along with the gray undeformed part.
As with the first approximation, the main bending region is the rounded front corner of the base plate. The
mesh there is now fine enough to describe the flexural stress and shear stress as they change through the
thickness. The default contour plot style for viewing the displacements is a continuous color variation. These
are pretty and should be used at some point in a written stress analysis report, but they can hide some useful
engineering checks.

URES (in)
7 O0e-002
[ B.13e-002
. 5.25e-002
_ 437e-002
| 3.50e-002
| 2B3e002

1.75e-002
I 8.75e003
0.00e-+100

Figure 4-9 Alternate restraints significantly reduce peak deflections
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Figure 4-10 Original (left) and revised displacement vectors, to the same scale

4.10.4 Effective (von Mises) stress

The effective stress distribution on the top of the base is shown in Figure 4-11. There two different contour
options are illustrated. The line contour form tends to be more useful if preliminary reports are being
prepared on black and white printers. The material yield stress was 90,000 psi, so every region colored in red is
above yield. In that figure, the Edit Definition feature was used to manually select the discrete color or line
contours. The Chart Options feature was used to specify the stress range and the number of discrete colors.
Rotating the part shows that there are other regions of the part above the yield stress. On the bottom corner
of the base the assumed line support has also caused high local stresses, as seen in Figure 4-12. In that figure
you should also note that the bottom edge of one bolt bearing surface shows a small region of yielding. That
should be examined in more detail and other views.

Line or point restraints are not likely to exist in real part components. You could revise that region by putting
in a split line to create a narrow triangular support area. That would be more accurate, if the resulting part
stresses there are compressive. Otherwise, you would need to use a contact surface. Using contact surfaces
where gaps can develop requires a much more time consuming iterative solution. However, the important
thing is to attempt an accurate model of the part response, not an easy model.

Draft 13.0. Copyright 2009. All rights reserved. 61



FEA Concepts: SW Simulation Overview J.E. Akin

von Mises (psi)

-1

1.00e-+105

9.09e+104

3.18e+104
- 7 27eHI04
- B.36e+104
5.45e+104

4.55e+104

. 3Bde+l04
273e+004
1.82e+104

9.09e+103

0.00e-+100

— Yield strenath; 9.00e+004
Figure 4-11 Distortional energy failure criterion on the base top surface
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Figure 4-12 Failure criterion in the base bottom region, and back edge

4.10.5 Maximum principal stress

The extreme values of the stress tensor at any point are known as the principal stresses (eigenvalues of the
stress tensor). For 3D part, there are three normal principal stresses and a maximum shear stress. The
principal normal stress components have both a magnitude and direction. They can be represented as
directed line segments with two end arrow heads used to indicate tension or compression. Employ Stress Plot
- Display = P1 Maximum principal stress >Advanced Options = Show as vector plot. The maximum
principal stress vector plot, at the top of Figure 4-13, shows the highest tension stress (and is a failure criterion
for some materials). Here, it occurs in the yielding region where the base joins the vertical tube support.
Those high stress concentrations could (and should) be reduced by adding fillets along the associated edges
along the reentrant corners. The color display is from Advanced Options = Nodal values.
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Figure 4-13 The maximum principal stress vectors, and magnitude

4.10.6 Failure theory plot

The SW Simulation system allows the user to select from a short list of the most studied material failure
theories. It can display a plot of a non-dimensional number representing the value of the theory at every point
on the part. A value less than unity means that the selected theory predicts material failure. Many engineers
refer to that value as the factor of safety while others refer to it simply as the failure theory factor that is one
of many terms, listed in Table 3-1. To see this type of plot: right click on Results = Define Factor Of Safety
Plot to open the Factor of Safety panel and in this case select the von Mises criterion, OK. All the factors in
that table need to be unity or greater. The resulting plot in Figure 4-14 shows a minimum material failure
theory value of about 0.6. Thus, this design is currently a failure.
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Figure 4-14 Material failure is predicted for the current study

4.10.7 Validate the design revision

The reaction results, in Figure 4-7, suggest an assumption error in this study. In particular, it is important to
check the signs of the reactions to verify that they act as you expect. The negative sign of the left bolt reaction
in the z-direction was unexpected. To better illustrate the concern, and to show another post-processing tool,
consider a free body diagram of the regions governing reactions in the z-direction: right click Results = List
Force Results = Options = Free body force. Under Selection set the units and pick the pressure face and the
two bolt bearing faces. The forces in the z-direction are in equilibrium. Consider moment equilibrium about
the y-axis, at the center of the right bolt. The x-lever arm to the pressure resultant center is 53 mm, while the
lever arm to the left bolt is 65 mm. Thus, y-moment equilibrium is also satisfied (to a 1% round off error). The
concern is that the left bolt was assumed to be pushing on the front bearing area. Instead, it is pulling on that
area, which is not possible. What is likely is that the bolt is simply pushing on the corresponding area at the
back of the hole. The first split line should have been made on the back of the bolt hole. That can be easily
fixed. An alternative would have been to include part of the bolts and conduct an iterative contact/gap
analysis. That would have take much long (and sometimes fails to converge), but that is often not needed in a
preliminary study. The question is, is that support change likely to invalidate the above study results? Looking
at the load path sketch of Figure 4-8 and the stresses in Figure 4-11 it is unlikely. However, the next study
refinement of this part should utilize this information.
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Figure 4-15 Free body diagram shows error in the support assumption

The main goal of this study was to illustrate the usefulness of split surfaces, the need for engineering judgment
in making restraint assumptions, and typical ways to examine the results of a study. The locations and type of
restraints are usually the least well know aspect of a part analysis or design. Load conditions are probably the
next least reliable information. Use friendly software to investigate various combinations of loads and
restraints to get the safest results. Also check independent solutions when possible.

4.11 Other Aspects of Mesh Generation

SW Simulation has a very powerful solid mesh generator for tetrahedral elements. Almost every analysis
requires the engineer to employ judgment on where to apply controls to the mesh. Usually the mesh needs to
be refined around restraint regions, load regions, and reentrant regions of the solids. Figure 4-16 illustrates
that you can control element sizes on faces, edges, and vertices. The earlier example showed that you should
plan ahead while building your solid to allow for expected mesh control needs and insert split lines into your
solid to allow for additional entities to be selected on your model. Mesh control lets you specify the desired
element size, the rate at which neighboring elements increase in size, and how many layers of transition
elements you want around the selected geometric entity.

Any sharp (no fillet) reentrant corner in theory causes infinite radial derivatives at the corner in heat transfer
and stress analysis studies. A fillet removes the infinite stresses, but interior fillets usually need a reasonable
amount of mesh refinement (see Figure 4-17). Exterior fillets are less important in getting accurate results and
are sometimes suppressed in finite element studies. Split lines are optional for some solids but are often
mandatory to properly join and align shell meshes as seen in Figure 4-18. This is also important when
connecting shells to solids.
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Figure 4-16 Options for local mesh control: surface, curve, or vertex
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Figure 4-18 Split lines give you more mesh control

Bad solid modeling practices are probably the most common cause of failure of the mesh generation. The
mesh generator begins with the edges of a solid. It divides them into segments corresponding to the requested
element sizes. However, if the mesh generator encounters a line segment that is smaller than the requested
element size, then it must decrease the minimum element size the match the short line. After processing the
boundary lines, the generator proceeds to the part surfaces. Then it fills those faces with triangles of the
minimum to the requested size. From the triangles (initial solid element faces) it proceeds inward to fill the
volume with tetrahedrons. If the edge lines are much smaller that the requested element size (Figure 4-19), or
if they join at very small angles then the mesh generator tries to use tiny elements to match the poor local part
geometry. If it is possible to do that the mesh is still likely to fail due to insufficient computer memory. Part
flaws are often too small to see without zooming in on the part.
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Figure 4-19 Bad solid models cause meshing failures
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