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16 SW Simulation design resources

16.1 Introduction

This is simply a restatement of the SW Simulation online design scenarios tutorial with a little more visual
detail supplied on the various menu picks and thought processes that are covered in the version supplied with
the software. In this lesson, you use design scenarios to investigate the effect of changing the applied loads
and some dimensions of the part on the static analysis results. The part is supported and loaded as shown in
Figure 16-1. The total force will be specified and it will be divided between various regions of the hanger. The
force on the central hanger (FCenter) is twice the force on each of the side hangers (FSide). You will study the
effect of changing the total applied force, thickness and height of hangers, and the thickness of the back plate
on the stress distribution in the part.

..

Side hangeE

Figure 16-1 The assembly of interest

First you need to switch to the SW Simulation Manager by clicking its icon, @ Start a new study by:

1. Double click on the Part Name = Study
2. Inthe Study panel, assign a Study name.
3. Pick Analysis type—->Static

4. Select the Mesh Type—>Solid Mesh.

When the analysis menu expands you will see that the second item is associated with parameters. That is
where you will have access to the definition of the parameters chosen by you to control, or define, the design
scenarios.

16.2 Design parameter selection

To begin that process you should have planned ahead and identified the items (geometry, loads, restraints,
etc.) that you want to see varied. Then you have to input those design parameters. The following parameters,
in Table 16-1, have been chosen to define the design scenarios of interest here:
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Table 16-1 Descriptions of the design parameters

Parameter Name Type Description
FTotal Force Total force on the hangers
FCenter Force Force on the Central hanger. FCenter=FTotal/3.
FSide Force Force on a side hanger. FCenter=FTotal/6.
Height Linear Dimension Hanger height
Thickness Linear Dimension Hanger thickness
Back_T Linear Dimension Back plate thickness

You can begin adding design parameters by defining the total force of interest:

1. Inthe Manager right click Parameters—> Edit/Define to open the Parameters panel.

% |72 @ |

%cw OT_tutorial

..... llﬂl a4
2. Since you are beginning with an empty list select Add.

Add Parameters il

Il-_rotal

MNarme:

Itotal force to be splitup

Comment (optional):

Filter: Structural Loa
Type: IFDrCB LI
User defined value:  [120 [t ~|
[~ Expression I
DK I Cancel | Apply | Help |

3. The Add Parameters panel appears (above). Enter the Name - FTotal and add a comment.
4. Select the Filter-> Structural Loads, and pick Type—>Force.
5. Finally set the initial Value and Units (say 120 Ibs), click OK.

Then the entered data will appear in the top line of the Parameters panel. Continue defining force parameters
in a similar fashion. The next one will be given in terms of a parametric expression of the now know total force:

1. Inthe Parameters panel select Add again.

2. The Add Parameters panel appears. Enter the Name = FCenter and add a comment.
3. Select the Filter>Structural Loads, and pick Type—>Force and desired Units.

4. This time you want a parametric equation so check Expression.
5

Enter the relation, (FCenter =) FTotal/3, click OK. The second parameter appears in the Parameters
panel.
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6.

Add Parameters Add Parameters
Marne: IFCenter Mame: IFSide
Comment (optional): I Camment (optional): I
Filter: IStrudu ral Loads/Festraints LI Filter: IStruc‘iu ral Loads/Restraints hdl
Type: IForce LI Type: I Force hdl
User defined value: ID IIbf LI User defined value: IIJ IIbf
[¥ Expression If'_rDtﬁ|.-"3| ] ¥ Expression II-_FDtaI,-"B
QK I Cancel | Apphy | Help QK I Cancel | Apply |

Carry out the same sequence of steps (above) for the last force parameter, FSide. The only difference
is the Expression which is (FSide=) FTotal/6. The results for the last two force definitions as the next
two lines in the Parameters panel.

The next design parameters will be part dimensions picked from the graphics display. To assure that they are
visible to pick:

1.
2.

Select the SolidWorks icon to open that Manager panel.

Right click on Annotations->Show Feature Dimensions.

® CwW_DT_tutorial | |

= T
- Design [# Detais...
3= Materi

-] Lights o —
- Solid £ L 10w Feature Dimensions

IT Display Annotations

%> Planel1 ¥  Show Reference Dimensions

L -

Knowing that we are interested in Boss-Extrude3, expand it and open Sketch5 so the dimensions you
want will be available to pick with the cursor. (Here is an example where renaming Boss-Extrude3 to
something related to the part would have been helpful.)

RCYCY DT tutorial
=@ Boss-Extrude3
() Sketchs

o

While it is not required for the design scenarios, remember that it may save time in later design
reviews to change the dimension name to match the design parameter name that you are getting
ready to assign. In the graphics area select dimension 0.308472 (D1) - Properties—> Dimension
Properties=>Name->Height->OK. This is shown in Figure 16-2.

Dimension Properties

Dimension Properties |

Value: | 0.308472in — Ntery

Name: | Height

Full name: | Height@sketchs

Figure 16-2 Renaming the hanger height dimension
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Now you are ready to continue defining the class of design parameters that are part dimensions:

1. Parameters panel=>Add. In Add Parameters panel->Name—>Height. Add a comment.

Add Parameters

Mame: |Height

Comment (optianal): Ihanger{

Filter: IMDdeI ditrensions i
Type: IAnguIarDimensiDn =
User defined walue: IEI Ideg_mi

kodel dimension: I

2. Filter>Model dimensions. ol I ezl | Apply |

3. Inthe graphics area pick the above dimension (0.308472 in). Note that the Type > Linear Dimensions,
Units—2in, Value, and full Model dimension name are automatically inserted. Check them, click OK.

Add Parameters

MName: IHeight

Comment (optional): Ihangeri

Filter: IMDdeIdimensiDns ﬂ
Twpe: ILinearDimensiun ﬂ
User defined walue: ID.3EIB4? Iin

tadel dimensian: IHeight@SketchE@CW_DT_tutDria

(08 % | Cancel | Apply |

4. Repeat this process, including renaming the dimension, for the hanger thickness of 0.023000.

Dimension Properties

Dimension Properties |

Value: | 0.023000in =

Name: | Thick

Full name: { Thick@Boss-Extrude:
e i e e P L P

5. In Add Parameters=>Name—>Thickness.

MNarme: IThickness

Camment (optional): Ihanger

Filter: |M0de| dimensions ﬂ
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6. The final dimension parameter is the back plate thickness of 0.060000. Simply pick it (without
renaming) and give it the parameter name—>Back_T, click OK.

7. Now the initial design parameters are complete as seen in the Parameter panel of Figure 16-3.

F
Mame | Type | LInit | Llser define... | Currentvalue | Expression | Camrment
FTaotal Farce [a] 120 120 total farce
FCenter Force [d] 40 40 FTotal3
FSide Force I4] 20 20 FTotal/k
Height Length/Displace... i 0.30847 0.30847 Height@Skatch5E@ECW... | hanger
Thickness Length/Displace.. in 0.023 0.023 Thicki2Boss-Extrude3..  hanger
Back_T  Length/Displace..  in 0.06 0.06 D1i@Base-Extrude@C.. | back plate

Figure 16-3 The completed geometric and force design parameter definitions

16.3 Linking force or restraint parameters to the analysis model

The three geometric parameters are now related to the solid model, but we have not yet linked the two free
force parameters (FCenter and FSide) to the finite element model. Before doing that the basic material
properties and loads/restraints for the analysis, Figure 16-4, will be defined.

1. Inthe SW Simulation Manager menu, Solid—> Edit/Define Materials-> Steel> Allow steel.

2. Right click on Fixtures=>On cylindrical face. Select the top two cylindrical holes and set
Circumferential component = 0. Either of those will eliminate a rigid body motion (RBM) about the
vertical (z-) axis. The zero circumferential displacement around the full circle includes two points
where the x-displacement will also be zero and two points with zero y-displacements. Thus, rigid body
translations in x- and y- directions are prevented (now takes care of 3 of 6 RBM).

3. Rightclick on Fixtures>On flat face. Select the top surface of the back plate.

4. Set the normal (z-) component to zero, click OK. That will eliminate the possible RBM of a z-
displacement, x-rotation, and y-rotation (6 of 6).

Festrain these faces inthe
circumferential cirection

RFestrain this face
in the normal direction

Lse this edge
to specify force
direction

Apply force on

Lpply forces to these faces

these faces
Figure 16-4 Loading and restraint regions
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Now you are ready to specify the loadings and select some or all of them to be linked to the force design
parameters. Begin with the center hanger:

1. Right click on External Loads—=>Force to open the Force panel.

2. Type—>Apply force/moment.

3. Click inside the Faces, Edges, Vertices for Force box, then click the cylindrical face of the central
hanger.

Select this edge
to specify force
direction

Apply force an
this face

4. Click inside the Face, Edge, Plane, Axis for Direction box and select the vertical edge to indicate the
direction (downward) desired for the force. Switch directions if the preview is up instead of down.

5. At this point you usually enter a numerical value for the force Value. Instead right click inside the
Value box and select Link Values. The Parameters panel automatically appears.

[ Force |
RN, \

(& Apply force/moment
¢ Apply normal force
¢ Apply torque

®IFECE< 1=

7 | EdgesTETEEEE

[¥ Show preview

TS m— -
E] [engish tps) ~|

&
Force (Per entity)

1o
| [k LinkVabes..—|

6. Select FCenter (second line in the list of parameter names). The background color of the Value box
changes to blue, indicating that this field is linked to the FCenter parameter that you originally
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established. Note also that the current value of the FCenter parameter appears in the force Value
box. Click OK to apply the force at the selected location.

@ Apply forcefmoment
" Apply normal force

" Apply torque
IEEJIFace{ 1>
~ [[—
[¥ Show preview
"
Parameters
S s — »
MName | Current\/...l Units | Expras... | E| IEngﬂSh (IPS) ﬂ
FTatal 120 la] S
FCeer FTotal)3 Force (Per enty) .

FSIdE 2'] |b l'—rDtﬂ.l,l"E ...............................................................

[~ Reverse direction

7. Repeat this process for the two pairs of brackets on each side of the center one. Right click inside the
Value box and select Link Values. Select FSide and click OK. The FSide force is applied to each of the
four side hangers.

& Apply force/moment
" Apply normal force

" Apply torque
)| Face< 1= ﬂ
Face< 2 =
Face< 3 = LI
A

E| [Engish (ps) ~|

Force (Per entity) -

\ Link Values... |

[~ Reversec

Parameters

Force (Per entity) -

Mame | Current.. | Units | Expres... Ii

FTotal 120 3 -"— Ib

FCenter 40 [al FTotalf3 S
20 b [Frowls ™ Reverse drection

Now three parameters have been linked to the solid model (Height, Thickness, Base_T), two have been linked
to the analysis model (FCenter, FSide), and the last, FTotal has been assigned an initial value in the Parameters
panel. At this point you can specify all the different combinations that you want to examine in a series of
design scenarios.
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16.4 Defining design scenarios

In this procedure you define seven design scenarios. Each design scenario is a set of values given to the
parameters you defined above; FTotal, Height, Thickness, and Back_T:

1. Double-click the Design Scenario to open the Design Scenario panel.

2. There set No. of scenarios to 7 then click Update.
S Cw_DT_tutoril = i

At e Design Scenario - Samplel
Iél--dl‘*Samplel (-Default-)  Define Scenarios |ResultLocations|
---@Solids rDefine design scenario
=48 | oad/Restraint
f Rings Mo. of scenarios: I? ﬂ
-z Top back : :
4 FCenter Parameters| Units \UserDefined |¥Sstl  |¥Set2  |[MSets (W a
-1 Feide pars ¥FTotal  |b 120 120 120 120
..... et . MHeight in 030847 0308472 0308472 0308472
_____ " "' l G = 1 __Thicknes_in 0.023 0.023 0.023 0.023
%Monh ct/Gaps (-Glo 0.08 0.08 0.08 0.06
..... el
~{EIReport =
-
<| >

~Run options !

@ All scenarios

(" One scenario Setl v

[+ Stop and promptwith error messages when a scenario fails.

3. Inthe parametric set table, select all 4 parameters by checking the box by their names. Enter
parametric values for each of the seven scenarios you wish to define.

Define Scenarios |ResuItLocations| g it Locations |

rDefine design scenario

rio
Mo. of scenarios: IE ﬂ g I ﬂ

Parameters| Units |User Defined |#Set] |¥isete  |#iset3 |EZ} |¥isetq |¥ISets |¥ISets |¥ISet?

MFTatal b 120 120 1o 1o 100 100 100 100 100
M Height in 0.30847 0308472 0.308472 0.308472 ;34?2 0.308472 0308472 04 0.2
b Thick in n.023 0023 0023 0023 L4023 0.0z 0.023 0.023 0.023
MBack T [ 0.06 0.06 0.05 0.04 & nn4 0.06 0.06 0.06 0.06

4. At Run options, pick All scenarios and Stop and prompt with error messages when a scenario fails.
5. Open the Result Locations tab to select the locations for result outputs. In the graphics area, click the
four vertices of the central hanger. They appear in the Selected locations list box. Click OK.
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Design Scenario - Samplel
Define Scenarios ResultLocations |

rDefine result locations

vertex 2

Choose up to 25 vertices for response graph.

Selected locations:

wvertex 1

vertex 4

vertex 3
Central Hanger result locations

B b W L e VRO

16.5 Running the design scenarios

Each of the design scenarios will require a mesh. Thus you should select your mesh control options and create
an initial mesh. An initial mesh is not requires but it can serve as a check on the initial element sizes of the
mesh you may need. Clearly the results will depend on the fineness of the mesh in important regions. Also,
the run time goes up with the mesh fineness. A typical mesh is seen in Figure 16-5.

Figure 16-5 A typical mesh of the assembly

At this point a check mark appears on the Design Scenario icon to indicate that all data required for a design
scenario have been completed. To run these design scenarios:

1. Inthe COSMOSWorks Manager menu, right-click the Basic Study icon and select Run Design Scenario.
2. The program starts evaluating the design scenarios one at a time
B CW_tuitorial_DT |

By "W—Run
- Update Al Compor:irisj

- Solids
i R S
3. When analysis is completed, a Design Scenario Results folder is created in the COSMOSWorks

Manager tree. Start the run and observe the iteration data for each scenario.
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fi Cosmos/FFE Static Solver - CW_t

=10 x|

Design Scenaric Set 4

‘ 9951 elements, 3189 cormer nodes, 9567 D.OF.

16.6 Post-processing the scenario results

Now you can graph and/or list the results from each scenario at any of the selected output locations. For
example, you can graph the von Mises stress at all specified locations for all design scenarios:

1. Inthe COSMOSWorks Manager tree, click the

Graphl appears.

In the Graph panel set Type to Single Result f

plus sign beside the Design Scenario Results folder.

Right-click Graph1l icon and select Edit Definition. The Graph dialog box appears.

or Multiple Locations.

Graph: Graphl

[~ MNormalized

@ By Set (" By Parameter: Il—_rutal

[

Type: ISingIe Fesultfar Multiple Locations

=]

Unit: Result:

psi

Awailable Locations:

IVON: wioh Mises stress

=

Graph Locations:

“artexd 2 >
Yertexd 3>
YWernexd 4>
Global maxirmum

Locations list box on the right.

Set Units to psi. Set Result to VON: von Mises stress.
Click the double arrow (>>) to move all items from Available Locations list box on the left to the Graph

Click OK. At this point the Von Mises graph appears as given in Figure 16-6.
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RETET

Fle ©Options Help

Save As...
m Study name: Samplel
Clase
35000 ....... . ............... . ............... ............... ............... ........
. 30000
£ 25000
é
¢ 20000
>
[=]
=
15000
10000 : : : : : : :
Setl Set2 Set3 Setd Seth Setb Set/
Set
—&— Venex<1> —— \enex<2> —+— \Venex< 3>
—+— Verex<4:> Global maximum

Figure 16-6 Von Mises failure criterion for each set location

A graph can be enlarged or reshaped by grabbing a corner and moving it around. There are options to print
the graph or save it as a file, etc. It is wise to check the principle stresses as well (and required for brittle
materials). Therefore the Graph panel is edited to select principle stresses P1, P2, P3, move them to the right
under graph results (see Figure 16-7) and get the additional plot shown in Figure 16-8.

Gragh: Graph [T Mormalized

(& By Set (" By Parameter. Irrc.tfu Ll

Type: IMuItipIe Fesults for a Single Location ﬂ

Unit: psi - Location: Ivene;« 13 ﬂ
Awailable Results: Graph Results:
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Study name: Sample1
40000. ............ . ............ ............ ............ ............ ......
30000 §
; @
Y :
2 20000 ;
> 5
< 10000
: |
0 : b ' — % : : M
Setl Set2 Set3 Setd Seth Setb Set7
5 5 5 set : 5 5
_-]DDDD e
——— P1: MNormmal stress( 1st principal ) (psi) —=— P2 Normmal stress( 2nd principal ) (psi)
—+— P3 Normmal stress( 3rd principal )} (psi)

Figure 16-8 Principle normal stress results

16.7 Listing results

You can also get a listing of these results in the SW Simulation Manager tree, by right-clicking the Design
Scenario Results 2> Show Summary. A summary of results appears as illustrated in Figure 16-9. The summary
includes the following sections:

Input Parameters: lists the definition of design scenarios.

Result Status: lists the status of the results. Sets 1 through 6 show Summary indicating that only
summary results are currently available for these sets. Set7 shows Detailed indicating
that detailed results are available for this set since it is the last that the program
evaluated. The results folders in the SW Simulation Manager tree correspond to set 7.

Global Maximum for Whole Model: Lists the extreme values of of von Mises and principal stresses,
resultant displacement, and the equivalent strain.

Vertex (i): Lists the global coordinates of the vertex and the values of von Mises and principal
stresses, resultant displacement, and the equivalent strain at location (i). Four
locations are listed since you selected four vertices for result locations.

The format for the graphs in Figure 16-6 and Figure 16-8 gives a feel for how the maximum and minimum
stresses vary, but not how sensitive they were to the parametric geometry, or loads. Of course, for any linear
problem the displacements and stresses are directly proportional to the loads. Therefore, you can usually get
more insight about what is most important in a design by seeing how changes in the geometric parameters, or
support parameters affect the results. That is usually referred to as a sensitivity study.
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Design Scenario Results Summary il

Resultunits:  [English (IPS)
Input Parameters Units |Setl Set2 Setd Setd Seth « (\ Soth Sot Sat?

Ih 120 100 100 100 G,]D 100 100 100
Height in 0.30847 0.30847 0.30847 0.30847 0. j4? 1.30847 0.4 0.2
Thick in 0.023 0.023 0.023 0.02 @2 0023 0023 0023
Back_T in 0.08 0.05 0.04 0.06 @5 0.06 0.06 0.06
Results Units |Setl Set2 Set3 Setd Seth < Seth Setb Set?
Result Status Summary |Summary |Summary |Summary |Summ E Summary |Summary |Detailed
Global maximum for the whole model ?
WOM wvon Mises stress psi 30992 23806 28156 27417 ’}? 25827 23820 26705
F1: Mormal stress( 1stprincipal ) psi 322h8 24641 26531 28191 Lly 26882 26027 28462
P2 Mormal stress( 2nd principal) psi -6871.3 5413.7 -4915.3 -7088.5 -£ i_s 57261 -5093.7 2R05.8
P33 Mormal stress( 3rd principal ) psi -9840.2 -8076.49 -hE631 -9937.8 -£ }.8 82413 -9608.4 -9361.8
URES: Resultant displacement in 0.000B0043] 0.00043419| 0.0004794| 0.00046383| 0.000! '*ﬁj 0.00050036| 0.00053093 0.00028964
INT:  Stress intensity psi 31855 24528 293401 28308 : ﬁﬁ 26546 24259 27338
ESTRN: Eguivalent strain 0.0011571| 0.00054944| 0.00086394) 0.00095134| 0.000! 34 0.00096427| 0.000582247| 0.0010536
Yertex< 1 > fr
Xcloordinate in 0.941 0.941 0.941 0.941 ﬁ 1 0.941 0.941 0.941
4 »

| Save | | Close I | Help I ? Help |

Figure 16-9 Tabulated summaries of all design scenario results are available

16.8 Sensitivity review

To see how the geometric height and thickness affect some of the stress results you need to change the graph

mode to let those design parameters vary along the horizontal axis of the graph:

1. Right-click Graph1l icon and select Edit Definition. The Graph dialog box appears.
Graph:  Graphl ]
By Set (@ By Parameter: IHeight ﬂ
Type: ISingIe Fesultfor Multiple Locations ﬂ
Unit: psi - Result:
Avsailable Locations: Graph Locations:
2 | Wertexd 2>
Werexd 3>
Wertexd 4 »
Global maximum
2. Inthe Graph panel set Type to Single Result for Multiple Locations.
3. Set Units to psi. Set Result to VON: von Mises stress.
4. Uncheck the By Set button and check the By Parameter button.
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Study name: Samplel
_ 350007 S R
= 30000 :
% 25000
= 20000
g I
_; 15000
g L
10000 ? i j
0.2 0.30847 0.4
FParameter. Height
—— Verex<1> —=— \erex<2:>
—+— Vetex<3d:s —— Vearex< 4 >
Global maximum

5. Scroll down and select Height for the independent variable to plot.

6. Click the double arrow (>>) to move all items from Available Locations list on the left to the Graph
Locations list on the right. Click OK. The new graph appears

Study name: Samplel

SEDDD .............. ........................... _ .............
30000 i
25000

20000
1500[] .............. ........................... b

VOM:  won Mises stress (psi)

10000 : :
0.02 0.023

Parameter: Thick

—— Verex<1:> —— Verex<2>
—+— Ventex<3: —+— Verex<4:>
Global maximum

The small range of height values occurs because that was the range cited in the seven trials. The slope of the
lines indicates which locations have von Mises stress values that are sensitive to changing the height. Carrying
out a similar process using the hanger thickness as a design parameter yields the stress results in the last figure
above.

16.9 Discussion

The last two graphs are just shown to illustrate the process. Here the loads on the hanger are in the plane of
the hanger. Therefore they cause mainly axial stress like o = Force/Area. In other words, you expect stress
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locations near the hanger to depend mainly on the hanger thickness and not its height. If the loads had been
perpendicular to the hanger you would get more complicated bending stresses where the hanger length is the
lever arm for the bending moment. Likewise, the local maximum bending stress would be inversely
proportional to the hanger thickness squared.

Also in this problem the meaning of hanger thickness is unclear because the hanger is fully welded to the back
plate. So, in some places by hanger thickness you mean parameter “Thick” while in others you mean “Thick +
Back_T”. We know the analysis assumed the plate and hanger are welded because the assembly fully bonded
touching surfaces as the default gap condition. Also, no restraint condition (like a bolt connection) was given
at the top of the hangers even though their geometry might imply that they would be bolted instead of
welded. You should always note such implied assumptions in your reports so that you and others can check or
revise them.
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