PRO/MECHANICA WILDFIRE 2.0
ELEMENTS AND APPLICATIONS SERIES

PART 2 - STUDIES &
CONNECTIONS

[ PANEL_ASSY (Active) - Pro/ENGINEER Educational Edition (for educational use only) =101 =(

File Edit Wiew Insert Analysis  Info  Applications  Tools  Window  Help

N e DrFAQAQaC ol B00 0 4 Ak & 8 2. #

o _ —
8° | B3GR 1
Show ~ Settings v

| | | A

[T} PEMEL_ASSY.ASM )|

+-[ ) COVER_SM.PRT 15

+ ] COVER_PANELFRT =
+ M Loads/Constraints | (3 H

+ =~ FProperties E|j—>

¢ 0

12

H # )

% - &

af

Q4

5

B ol b §

! i

/ ,-" 30 Ch:0 Diz:
F W R0 Ry 0Rz0

x|
| File Info Settings |
AutoGEM R eferenc
| All with Properties |V
| Delete
Cloze I
M
* Combining tri elements to form quad elements ...
* Adding 174 shell elements to maodel ... w
Set lavers, laver items and display states | | Al zelectable |V|

Pro/MECHANICA Mesh of a Sheet Metal Weldment

Yves Gagnon, M.A.Sc.

Professor
Mechanical Engineering Technology
Okanagan University College

PUBLICATIONS
Schroff Development Corporation

www.schroff.com
www.schroff-europe.com



PRO/MECHANICA STRUCTURE: ELEMENTS AND APPLICATIONS

Estimated time: 2 hours

Exercise 1

Sensitivity and Optimization Studies

Introduction

The purpose of the optimisation study is to help the designer in optimizing predetermined
design parameters as a function of known measures, such as Von Mises stress or
maximum displacement for a specific goal (i.e. minimise total mass). Your knowledge of
stress analysis comes in handy here, as the software cannot do all the work in the
optimisation process. There are a few more tasks involved than just clicking the
“optimize my model” button. Consequently, the designer has to take the optimization
from the start to a certain stage, and then let the software (Pro/MECHANICA®) take over
for the final optimization steps.

An optimization study is divided into two main phases:

e Design phase I uses a static analysis combined with local sensitivity and global
sensitivity studies in Pro/MECHANICA®. In this phase, the finite element analyst
uses Pro/ENGINEER® WILDFIRE to set design parameters. A design parameter is
used by the Pro/MECHANICA® studies as a variable for measures. The measures
also have to be determined by the analyst.

1. The main objective of a local sensitivity study is to look at changes of the
measures (most likely Von Mises stress) for small variations of each design
parameter (+ 1%) independently.

2. The objective of the global sensitivity study is to look at the variations of all
parameters, within their respective range, into each step of the process as defined
by the user.

e Design phase II completes the optimization of the part according to your design
objectives (goals). All parameters are optimised concurrently. A goal could be to
minimise the total mass or the total costs of a model. There are also other goals that
can be defined in the optimization study.
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In Pro/ENGINEER® WILDFIRE

Create part,

In Pro/MECHANICA®

Start features & set

parameters

Create FEA modelling
entities (shells)

y

Assign design
parameters

l

Assign boundary
conditions to model

l

Create and Run a local sensitivity
study. (Then analyse results)

\ 4

Create and Run a global sensitivity
study. (Then analyse results)

l

Set up and run an optimization
study (determine goal)

Figure 1: Overview of Design Optimization Study

As you can appreciate, an optimization study is a lot of work. So let’s get right to it.
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Overview

This exercise will demonstrate the know-how and uses of sensitivity, global and
optimization studies in Pro/MECHANICA®. A simple plate with two circular notches
will be used for the model. A shell mid-plane compression idealisation will be used to
model the plate for FEA and a combination of triangular and quadrilateral shell elements
will be used for the mesh. The procedure is as follows:

1.

2.
3.

(9]

Create (Open) the part in Pro/ENGINEER® WILDFIRE and create the shell mid-
plane compression idealisation in Pro/MECHANICA®;

Create the mesh and boundary conditions (loads and constraints);

Run an analysis (quick check) to make sure that the model converges to a solution;
while establishing a preliminary goal, with respect to a measure (Von Mises stress);
Set up design parameters for the preliminary design study;

Run a local sensitivity study and select parameters that have an effect on the measures
pre-determined;

Run a global sensitivity study on selected parameters and find the parameter value
(maximum or minimum) that has the greatest effect on the measure;

Run an optimization study for the above parameters, setting the starting point of the
study using the findings of point #6 above. Optimize for your design objective(s).
The design objective for this case is to minimise the mass of the plate.

The following figure shows the model that will be used for the study. It is a simple plate
with two notched cuts located 6 in. from the left end. The loads are applied at the tip of
the right end of the plate, while the left end is constrained.

500 Ibs

% 500 Ibs
\';ﬂ

\ "

I2.00

Figure 2: Notched Cantilever Plate
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Our design objective is to optimize the location and radius of the notch with respect to the
left end of the plate. We will also look at plate thickness and optimize all three
parameters above for the total mass, using the Von Mises stresses as the measure.

Procedure

Phase 1: Preliminary Optimization Work

Please refer to the model represented in Figure 2. It is a flat bar made of steel. Even
though a simple model, it will illustrate the entire procedure of the optimization study.
First, it is important to understand what our objectives are for the optimization study, as it
may help you understand better each step involved in the process. Consequently, let’s
define our objectives and determine the measure to be studied for the selected design
parameters. Table 1 gives an overview of the objectives for this study.

TABLE 1: OPTIMIZATION OBJECTIVES, MEASURES AND DESIGN PARAMETERS

L Measure to Design Parameters to be optimized
Optimization be used for
Goal .. L. Name Description Initial value (in.)
optimization
Minimise Von Mises | Cut_length | Dimension from
weight of the stress left edge to cut 6
part Cut radius | Notch radius 25
thickness Plate thickness 25

It is important to keep the above objective, design parameters and measure(s) in mind as
we move through the procedures of the optimization study.

Part A: Building the Model and the Design Parameters

Before you start the procedures below, create a directory named ‘opt_study’ using

Microsoft Explorer

®

1. Start up Pro/ENGINEER® WILDFIRE

. Move the part named notch_flatbar.prt to that directory.

Details on how to do this are different from system to system. For a typical Windows

platform, select Start > Programs > Proewildfire.

(It takes 30 seconds approximately for Pro/ENGINEER® to start.)

Set up your working directory. (File > Set Working Directory)
Select your working directory ‘opt_study,’ then click on Accept.




SENSITIVITY AND OPTIMIZATION STUDIES

——> 2. Open the Following Part: notched_flatbar

Once open, the following part should appear on your screen.

T

T

1]

.
S

12.00

Figure 3: Notch_flatbar.prt (bar dimensions: 3" X 12" X 1/4")

> 3. Modifying Dimension Cosmetics

Before we go to Pro/MECHANICA®, we will modify the dimension cosmetics in
Pro/ENGINEER® WILDFIRE for ease of recognising each optimized design parameter
during the process. From the model tree, select NOTCH_CUT and right mouse click on
it to select Edit. At this time the dimensions for the feature should show up on the screen.
From the filter at the bottom right corner of the screen, select Dimensions.

Select the R.25 dimension and right mouse click on it to select Properties. From the
window that comes up (see Figure 4), change the dimension text name to cut_radius.
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x
R&D -
W
4 >

MName |cut_|adius |

Prefix | |
Postiic | |
Maove... ] [ Mowve Text... ] Edit Aftach...
Restore Values [ OK ][ Cancel ]

Figure 4

Select OK. Repeat same procedure as above for the 6.00 dimension. This time change
the dimension text name to cut_length as shown below.

]E Dimension Properties 1[
Properties
ZD ~
v
< >

MName |cut_|ength |

Prefix | |
Postfic | |
Move... ] [ Move Text... l Edit Attach...
Restore Values [ QK ][ Cancel ]

Figure 5

Select OK. Edit the feature FLAT BAR by selecting it from the model tree, right click
on it and select Edit. Change the .25 dimension text name as shown in Figure 6 to
thickness.
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x
Properties Test Style
20
MName |lhickness
Prefix |
Postfix |
Mave... Move Test... ‘ Text Symbal...
oK I Cancel J
Figure 6

Select OK.

This completes the Pro/ENGINEER® WILDFIRE portion of the exercise. Next we go to

Pro/MECHANICA®.

——> 4. Creating Shell Mid-surface Compression

Select Applications > Mechanica > Continue. Then from the right menu select
Structure > Model > Idealizations > Shells > Midsurface > New.

Holding down the CTRL key, select one of the plate faces, and then select the other face
(then release the CTRL key and middle button mouse click). To make sure that the
compression of the shells works, select Compress > Shells Only > Show Compress, and
you should see the yellow colour contour of the part on the screen as shown in Figure 7.
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Figure 7: Notched plate shell model

Select Done-Return > Done Return.

——> 5. Assign Materials

The plate is made of standard ASTM A-36 steel (36 ksi yield strength). Select Materials
and the following window will come up.

P& Materials E

F aterialz in Library: Materialz in bodel:
AL2014 - =
ALEOET Mew,.. |
BR&SS Py |
BROMZE Copy |
4 |

Cu ;
EPObY Edi... |
FE20 Delete
FE30 =] —l
— Descrption
HS, low-alloy steel Fioark & Young, Sth Ed

Cloge

Figure 8
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Select Steel from the left column and click on the arrow to move in under the Materials
in Model column. Click on Assign > Parts and select the plate. Click on the middle
mouse button to accept. Click on Close.

> 6. Meshing of the Part

We will keep the all default shell elements and settings that AutoGEM will create. Select
AutoGEM from the right menu, the following dialog box comes up on your screen.

x

Eile Info Settings

AutoGEM References

|.i'JI with Properties |V| Create ‘
| | Delete
Close I
Figure 9

Select Create. The following confirmation of elements box should come up after about
five seconds.

x
Entities Created:
Beam: D Edge: A
Tri: 5 Face: 13
Quad: 8 Face-Face Link: 0
Tetra: 0 Edge-Face Link: 0
Wedge: 0
Brick: ]
Criteria Satisfied:

Anales (Degrees):
Mir Edge Angle: 1223 Max Edge Angle: 127.11

Max Aspect Ratio: 8.01

Elapsed Time: 0.00 min CPU Time: 0.00 min

Figure 10
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Note that five triangular and eight quadrilateral elements have been created. Select
Close. Use the display setting to shrink all elements to ten. Your window should then
look as follows:

i NOTCH_FLATBAR (Active) - Pro/ENGINEER Educational Edition (for educational use only) =1O)x]
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Figure 11: Meshed Notched Plate

The mesh looks adequate for further analysis. Select Close and answer Yes to saving the
mesh.
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> 7. Assignment of Boundary Conditions to the Model

7.1 Loads W
o
The end load has 500 Ibs in both the X and Y directions, as shown in A~
an earlier figure. We will set this load as and edge load. Create the =
following Curve/Edge loads and constraints on the part. O W >
I
Select Loads > New > Edge-Curve or click on the corresponding  —|
icon. Enter information as seen below. 'i'
657
@
S
&J\;—)
x :
Mame
|enc|_|0ac| |
Member of Set
[ Loadset1 [*]| New... | =
References o)
Curve(s) Z
& | |Defined |
Coordinate system
ij,ll WS
Distribution
[ Total Load [v]
| Uniform |V|
Force— M Moment
|Components |V| |Com|:-onents |V|
x x
v ¥
z z
OK I Praview ‘ Cancel ‘

Figure 12: Force/Moment Definition Box

Note: For reference-curves, click on the arrow

JaN

and select the right vertical edge

from the model.

Select OK. Set simulation display to Tails Touching. The model should now appear

as shown in Figure 13.

11
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7.2 Constraints 1/
——»
The plate is basically a cantilever beam with the left end being fixed. To Eﬂ ’
apply the end constraints, select Model > Constraints > New > Edge- el
Curve or click on the corresponding icon. i ]
U
=
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Q?
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Fill in and select the appropriate information from the dialog box below.

MName

x|

|end_c:0nst|airrts

Member of Set

| Constraint Set 1

] [N

References

Cum_a{s}

Coordinate system
I, wes

Translation

X % [

Y 4 [

z % [

Ratation (Radians)

X 97:|

L |

s 97:|

Figure 14: Constraint Definition Box

Note: For reference-curves, click on the arrow AN

from the model.

and select the left vertical edge

13
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Keep all DOF fixed (translations and rotations). Select OK. The plate FEA model
should now look as follows:
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Figure 15: Boundary conditions of the notched plate.

> 8. Create the Static Analysis
8.1 Quick Check

Create and run a quick check-no convergence analysis named static I (see from
below) to make sure that you can get to a solution. Select Analyses/studies so the
corresponding dialog box comes up. Then File > New Static and enter information
as shown in Figure 16.

14
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Select OK. Then select the analysis and right mouse click on it to select Start.
Answer Yes to “Do you want error detection?” Right mouse click to Status and
make sure that you can get to a solution. Once the run is completed, double-check

[E] static Analysis Definition

Name:

|quick_check1

Description:

quick check analysis to make sure that a solution can be obtained.

Constraints Loads

’— Monlinear Options

D:E:.E'.i E';f.’i".’"'E'.."E— D Ncluge comact regions
oad | T U% Convergence | output | =70
Method
“ Quick Check [+] ‘

Polynomial Order

Minimurm: 5

Mazdmum: 5

Figure 16

your analysis results with the figure below:

Select Close.

x
Measures:
nax_bean_bending: 0.000000e+00
nax_bean_tensile: 0.000000e+00
nax_bean_ torsion: 0.000000e+00
nax_beam_total: 0.000000e+00
nax_dis=p mag: 4.933257=—-05
nax_di=p =: 9 574774de—06
nax_di=p ¥ —4 839448=-05
nax_di=p = : 0.000000e+00
naE_prin_mag: 1.987429=+04
nax_rot_mag: 6. 081852e—06
max_rot_®=: 0.000000e+00
nax_rot_v: 0.000000e+00
nax_rot_z: —6. 08185206
nax_stress prin: 1.987429=+04
nax_=stress= vm: 1.863495e+04
nax_stress =22 1.981617=+04
nax_stress =y —4.141998=+03
nax_stress Hz 0.000000=+00
nax_=stress yy: 4 BE6485e+03
nax_=stress ¥z 0.000000e+00
nax_=stress zz: 0.000000e+00
mnin_stress prin: —1.809499=+04
=train energy: 1.227045e-02

Analy=i=z "guick checkl" Completed (09:34:33)

[] Detailed Summary

Close

Figure 17: Status summary File (quick check)

15



PRO/MECHANICA STRUCTURE: ELEMENTS AND APPLICATIONS

® STOP

You will know that the model completed the solution by seeing Run Completed at the

bottom of the summary file. Results are not important at this point, we just want to make
sure that the model can get to a solution.

8.2 Multi-pass Adaptive Convergence

Next edit the quick check analysis by right mouse clicking on it and selecting Edit.
Enter the information as seen in the box below.

[EE] Static Analysis Definition |
Name:
|notch _plate_static |
Description:
Static analysis of notcjed plate.

—Constraints Loads

I

~ Nonlinear Options

Convergence | Output
~ Method
[ulti-Pass Adaptive | W |
— Polynomial Order Lirmits
Mirirmum 1 =
) —— Percent Convergence
Maxdmum 5 =
~Converge on

(*) Local Displacement, Local Strain Energy and Global RMS Stress
() Local Displacement and Local Strain Enengy

() Measures

OK I Cancel
Figure 18: Static Analysis Definition (Multi-Pass Adaptive)

Select OK then Run the analysis. Answer Yes to “Do you want error detection?”
Select Status and make sure that you can get to a solution by showing Run
Completed at the bottom of the status window.

The solution converges within 10 percent in three passes. Check your status window
with the one shown in Figure 19.

16
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Run Status (notch_plate_staticrpt) Not Running =l
A
Hame VTalus Convergence
nax_bean_bending: 0.000000e+00 0. 0%
naxE_bean_ ten=ile: 0. 000000e+00 0.0
nax_bean torsion: 0.000000=+00 0.0
nax_bean_total: 0.000000e+00 0.0%
nax_disp nag: 4.933257e-05 1.8%
nax_disp =: 9 . 574774e-08 1.7%
naxE_di=p v -4 839448=-05 1. 8%
nax_disp =: 0.000000=+00 0.0
NaX_prin_mnag: 1.987429=+04 6. 0%
nax_robt_mag: 6. 081852e—08 1.8%
naE_rot_=: 0.000000e+00 0. 0%
nax_rot_v: 0.000000e+00 0.0%
naE_rot_ = —6.081852=—08 1.6%
nax_=tress_prin: 1.987429=+04 6. 0%
na®_stress vmn: 1. 863495=+04 6. 9%
nax_stress =x: 1.981617=+04 7.1k
nax_s=tress =y —4.141998e+03 0.1%
nax_stress =z 0.000000=+00 0.0
nax_=s=tress vy 4 GE6485=+03 1.0%
na®_stress vz 0.000000e+00 0.0k
nax_stress =z 0.000000e+00 0.0%
nin_=tres=s_prin: —-1.809499=+04 8.4k
=train_shergy: 1.227045=-02 1.7%
Analy=i= "notch_plate static” Completed (09:38:36)
v
[] Detailed Summary
Close I

Figure 19: Status Summary File
8.3 Results of Static Analysis
Check the results and record the max Von Mises stress off the summary window.
The analysis should converge after six passes and the VM stress results should be
around 1.86 X 10* psi Select Close > Close. Select Results and create the

maximum Von Mises stress definition sheet as follows:

Click on this icon named “Insert a new definition.”

=gl

File Edit “iew

ert Info Format  Litilities  Window

P ESSEE L
Figure 20

=" @ oEE x|=

17
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Fill out result definition window as follows:

x =
Mame Title Name Title
|";".l'ind0',\'1 | |"v"|'\"| Stress Results | |",'u'indo',\'1 i ||'.;'Iv| Stress Resufts |
Study Selection S:?;:;‘Z;:U” Analysis
Design Study Analysis = |notchj\aie_static ||notchjlate_da1ic ‘Vl
= |[notch_plate_static | notch_plate_static [+]
Display type
Display type “ Fringe [+]
’V| Fringe |V| ‘
Quantity | Display Location DisD'WODﬁDnSI
Quantity l Display Location | Display Options T _—
[ Stress [+] [ Overay Undeformed
Component Legend Levels 3 [ [] Transparent Overay
| von Mises |V| e Scahng 2
__ ontour
Include contributions from shells [[] Show Element Edges
Membrane Bending Transverse Shear
At | Maimum |V ” of shell top/bottom |V| LR
o et
FIEIITIES
0K || oKandShow ]| cancel ok |[oKandshow ][ cacsl |
Figure 21: a) Quantity Tab b) Display Options Tab

Select OK and Show. Animate the part to make sure that it behaves as we would

expect it to, given the current loads and constraints.

Il

| Ele Edit View Insert Info Format Utlities Window

FUYSEEB X RO R (T > W [ s

Working on frame 7. -

Working on frame &

Updating the display ... =
Movement
direction is
down and
to the right.

Figure 22: Static Analysis Von Mises Stress results

18
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Once you are satisfied, Select File > Exit Results > No.

© stor

Important: We must make sense of the above results before we go to the optimization.
Ask yourself the following question:

e Are the maximum VM stresses above the material design stress that we want to use?
Say (S,/1.5) for static? If they are, there is no need really for an optimization study
to minimise weight right?

But let’s say that we want to use steel with (Sy = 36 ksi).
Then our design stress is 36/1.5 = 24 ksi.

The difference in value of (24 ksi - our results 18.6 = 5.4 ksi) is an important design
criteria. If this number is greater than 1 and less than 10 ksi, then this leaves us some
room for weight optimization using this material, without wasting our time.

Note that phase 1 of the optimization demands a lot out of the user (from knowledge
and experience). The software cannot make the preliminary design decisions for us.
For instance, we may want to change the thickness of the plate, say 5/16"” and rerun
the analysis to give us some more room to maneuver from an optimization standpoint.
For the sake of this example, let’s keep the thickness at 1/4".

Procedure

Part B: Local Sensitivity Study

Recall:

e The objective of a local sensitivity study is to look at small changes of the measures
(in our case Von Mises stresses) for small independent variations of each design
parameters used (£ 1 to 2%).

e Our design parameters for this study, as defined earlier in Pro/ENGINEER®
WILDFIRE are plate thickness, the cut location with respect to the left edge and the
cut radius.

1. From the Pro/MECHANICA® menu select Model > Dsgncontrols > Design
Params > Create and select the type Dimension as shown below.

19
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3.

20

INarre:

Description:

— > Type I Dimension jJ Seleu:t..l

kiniraurn: Current; hdairmurm:

[

I Accept | Cancel |

Figure 23

Click on Select and click on the cut (notch). Select the .25" radius of the cut and
enter the text shown below. Note the values entered for the minimum and
maximum are set at approximately plus and minus a few percent only of the
nominal value as we are only interested at this stage in the effect of the small
changes of the parameter on VM stress or how ‘sensitive’ the parameter is to the
measure.

Name: |cut_radius

Description:

local sensitivity param. Setwvalues at approx.
plus and minus 1 percent nom val

Type: IDimensiun j Selcd...l

Minimum: Current: Maximum:

|.24 0.25 I.ZE

I Accept | Cancel |

Figure 24: Design Parameter 1 Definition

Click on Accept.

Repeat same procedure for the cut length and plate thickness (see below for values
to be entered).
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e For cut length, select the 6” dimension and enter 5.9 and 6.1 for the
minimum and maximum values as shown below.

MName: Ic:ut_length

Descriptian:

local sensitivity param. far cut length

Type: | Dimension | Se|e-:1...|

hinimurm: Current: haximurm:

I Accept | Cancel I

Figure 25: Design Parameter 2 Definition

e For the thickness, select the .25 inch dimension and enter .24 and .26 for
minimum and maximum values as shown below.

Marme: Ithickness

Description:

local sensitivity parameter far thickness.

Type: IDimension jJ Select...l

kinirnurn: Current; kairnurm:

|u.24 025 ID.25|

I Accept I Cancel I

Figure 26: Design Parameter 3 Definition

Click on Accept once all parameters have been defined. The design parameters
window should look as shown in Figure 27.

21
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Figure 27
Click on Done when completed.
4. To make sure of the effect of our parameters. Play around with the Shape Animate
under the dsgncontrols menu. Select the Parameter Cut Length and change the

minimum and maximum values to 4 and 8 (as seen below).

Animate

Figure 28: Shape Animation Definition Window

22
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Click on Animate and answer Yes to all the prompts. At the same time, check the
movement of the feature on the screen. Repeat procedure for each parameter

independently or animate as a group.

Once completed with the animation of the parameters, select Done from the animate

window.

Create a design study as shown below. Select Analyses/Design Studies. Select

File > New Design Study. Make the following selections for the study:

o Seclect local sensitivity study tfrom the analysis menu and name it:

loc_sens studl.
e Check off all three parameters previously defined.

e For settings, select the nominal dimension value for each of our
previously defined parameter in Pro/ENGINEER® WILDFIRE

i.e. 6”,.25" and .25".
e Select static_1 under analysis.

Description:

Studly MName: IIDC_SenS_Stud_1 Type: I Local Sensitivity 'I

Local sensitivity study of WM stres as a function of thickness, cutlength
and cut radius parameters.

Analyses:

regenerate (Model Regeneration Onby)

static_1 (Static)

I Accept |

Parameters: Settings:
W cut_radius 0.25 - -
IV cut_length 5 -
¥ thickness 0.25 -
e

Cancel |

Select Accept.

Figure 29: Design Study Definition Window
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8. Run the local sensitivity created above. With the design study selected, click on
Run.

Analyses and Design Studies

[Type
|loc_sens_study1 Standard

Standard/Static

Figure 30

Answer Yes to “Do you want error detection?” It takes approximately two to
three minutes for the analysis to complete. Verify your status window to the one

below shown below:
Begin Sensitivity Analysis, Parameter: cut_radius
Static Analysis "notch plate static':

Convergence Method: Multiple-Pass Adaptive
Plotting Grid: 4

Calculating Element Equations (19:29:54)
Total Number of Equations: 492
Maximum Edge Order: 3
Solving Equations (19:29:58)
Post-Processing Solution (19:29:59)

Calculating Disp and Stress Results  (19:30:04)

RMS Stress Error Estimates:

Load Set Stress Error % of Max Prin Str
LoadSetl 4.27e+03 21.2% of 2.02¢+04
Resource Check (19:30:06)

Elapsed Time (sec): 482.15
CPU Time (sec): 6.95
Memory Usage  (kb): 167396
Wrk Dir Dsk Usage (kb): 0

Analysis "notch_plate_static" Completed (19:30:06)

Derivatives of Measures for Analysis: notch plate static
With Respect to Parameter: cut_radius

total cost: 0.000000e+00
total mass: -1.132648¢-01

com X: 2.960725e-08
com y: -5.787104e-09
com_z: 0.000000e+00

inertia xx:  -2.033609e-01
inertia_xy: 3.912722e-08
inertia_xz: 0.000000e+00
inertia_yy: -3.683823e-03
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inertia_yz: 0.000000e+00
inertia_zz:  -2.070448e-01

Load Set: LoadSetl

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam_total: 0.000000e+00
max_disp_mag:  1.432914e-05
max_disp_x: 3.515730e-06
max_disp y:  -1.391126e-05
max_disp_z: 0.000000e+00
max_prin_mag:  2.998970e+04
max_rot mag: 2.394071e-06
max_rot Xx: 0.000000e+00
max_rot y: 0.000000e+00
max_rot z: -2.394071e-06
max_stress_prin: 2.998970e+04
max_stress vm:  2.950060e+04
max_stress xx: 2.971161e+04
max_stress xy: -1.168241e+04
max_stress xz:  0.000000e+00
max_stress yy: -2.327032e+02
max_stress_yz:  0.000000e+00
max_stress zz:  0.000000e+00
min_stress_prin: -2.324522e+04
strain_energy: 3.496831e-03

Begin Sensitivity Analysis, Parameter: cut_length

Static Analysis "notch_plate static":

Convergence Method: Multiple-Pass Adaptive
Plotting Grid: 4

Calculating Element Equations (19:54:04)
Total Number of Equations: 492
Maximum Edge Order: 3
Solving Equations (19:55:07)
Post-Processing Solution (19:55:45)

Calculating Disp and Stress Results  (19:56:41)
RMS Stress Error Estimates:

Load Set Stress Error % of Max Prin Str

LoadSet! 4.34e+03 21.9% of 1.98e+04

Resource Check (19:58:47)
Elapsed Time (sec): 2200.55
CPU Time (sec):  10.02
Memory Usage  (kb): 168484
Wrk Dir Dsk Usage (kb): 0

Analysis "notch_plate static" Completed (19:59:49)

Derivatives of Measures for Analysis: notch plate static
With Respect to Parameter: cut_length

total_cost: 0.000000e+00

25



PRO/MECHANICA STRUCTURE: ELEMENTS AND APPLICATIONS
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total _mass: 6.043610e-10
com_X: -5.484068e-03
com_y: -1.227412e-09
com_z: 0.000000e+00
inertia_xx: -4.448353e-09
inertia xy:  -8.720819e-09
inertia xz: 0.000000e+00
inertia_yy: -1.387973e-04
inertia_yz: 0.000000e+00
inertia zz:  -1.388018e-04

Load Set: LoadSetl

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam_total: 0.000000e+00
max_disp_mag: -5.465288e-07
max disp x:  -2.288639¢-08
max_disp_y: 5.525955e-07
max_disp_z: 0.000000e+00
max_prin_mag: -2.787973e+03
max_rot mag: 3.250554e-08

max_rot Xx: 0.000000e+00
max_rot_y: 0.000000e+00
max_rot z: -3.250554e-08

max_stress_prin: -2.787973e+03
max_stress vm: -2.936599e+03

max_stress xx: -2.902010e+03
max_stress xy: 4.588746e+02
max_stress xz:  0.000000e+00
max_stress yy: 4.885327e+01
max_stress yz:  0.000000e+00
max_stress zz:  0.000000e+00

min_stress prin: 4.651636e+03

strain_energy:

-1.340397e-04

Static Analysis "notch plate static':

Begin Sensitivity Analysis, Parameter: thickness

Convergence Method: Multiple-Pass Adaptive

Plotting Grid: 4
Calculating Element Equations (20:07:32)
Total Number of Equations:
Maximum Edge Order:
Solving Equations (20:07:40)
Post-Processing Solution (20:07:42)
Calculating Disp and Stress Results  (20:07:43)

RMS Stress Error Estimates:

Load Set Stress Error % of Max Prin Str
LoadSetl 4.18e+03 21.9% of 1.91e+04
Resource Check (20:07:45)

Elapsed Time (sec): 2741.65

CPU Time (sec): 12.50

Memory Usage  (kb): 168484
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Wrk Dir Dsk Usage (kb): 0
Analysis "notch_plate_static" Completed (20:07:47)

Derivatives of Measures for Analysis: notch_plate static
With Respect to Parameter: thickness

total cost: 0.000000e+00
total _mass: 1.012423e+01
com_X: -3.509118e-14

com_y: -2.488438e-15

com_z: 0.000000e+00
inertia_xx: 7.526698e+00
inertia_xy: 2.972349¢-08

inertia_xz: 0.000000e+00
inertia_yy: 1.221562e+02
inertia_yz: 0.000000e+00
inertia_zz: 1.296829¢+02

Load Set: LoadSetl

max_beam_bending: 0.000000e+00
max_beam_tensile: 0.000000e+00
max_beam_torsion: 0.000000e+00
max_beam_total: 0.000000e+00
max_disp_mag: -1.897407e-04
max_disp x:  -3.682606e-05
max_disp_y: 1.861326e-04
max_disp_z: 0.000000e+00
max_prin_mag: -7.643958e+04
max_rot mag: -2.339174e-05

max_rot Xx: 0.000000e+00
max_rot y: 0.000000e+00
max_rot z: 2.339174e-05

max_stress_prin: -7.643958e+04
max_stress_vm: -7.167290e+04

max_stress xx: -7.621604e+04
max_stress xy: 1.593076e+04
max_stress xz: 0.000000e+00
max_stress yy: -1.764033e+04
max_stress_yz: 0.000000e+00
max_stress zz:  0.000000e+00

min_stress_prin: 6.959613e+04
strain_energy: -4.719402e-02

Use Results to plot measures.

Memory and Disk Usage:

Machine Type: Windows NT/x86
RAM Allocation for Solver (megabytes): 128.0

Total Elapsed Time (seconds): 2776.18

Total CPU Time (seconds): 13.40

Maximum Memory Usage (kilobytes): 168484

Working Directory Disk Usage (kilobytes): 0

Total Elapsed Time in Parameter Updates (seconds):
1420.12

Total Engine Elapsed Time Minus Param. Updates (seconds):
1356.06

27



PRO/MECHANICA STRUCTURE: ELEMENTS AND APPLICATIONS

Total CPU Time in Parameter Updates (seconds):
1.58
Total Engine CPU Time Minus Param. Updates (seconds):

11.82

Results Directory Size (kilobytes):
386 .\loc_sens_studyl

Run Completed
Sat Apr 05, 2003 20:08:23

Figure 31: Status Summary File for local sensitivity study (partial)

9. Select Close > Close. Select Results and create the maximum Von Mises stress
definition sheet as follows:

Click on this icon named “Insert a New Definition.”

=gl

File Edit “iew \nset Info Format  Utilities  YWYindow

Q& A @R e u i
Figure 32

S HESEE R X%

Let’s create results graph plotting each design parameter versus the Von Mises stress
measure. Under results, create three windows, one for each parameter defined.
Name the first result window the following: Vm_thickness. Fill out and make the
appropriate selections as shown.

Result Window Definition x|

Name Title

[Window1 | [wh_thickness| |
~ Study Selection
Design Study Analysis

[ = ”IDc_sens_studﬂ ||notchjlate_s1atic |V|

~ Display type
| Graph [v]

uantity [Ngplz

\ ]

| Measure
|max_st S8_VM |
Graph Locationy
|Design Var / |V|
|: cHhed |
| 0K || OKandShow || Cancel |

Figure 33: Result Window Definition (Thickness)
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10. Next, select maxvmstress as a measure and select Design Var from the Graph
location. Click on the Select (colored icon) from the quantity row and select
max_stress_vm as shown below:

Fredefined: ser-Defined:

Com_z - -
inertia_xx

inertia_xy

inertia_xz

inertia_yy

inertia_yz

inertia_zz
max_heam_bending
masx_hearm_tensile
max_hearm_tarsion
max_kbearm_taotal
max_disp_rmag
max_disp_x
max_disp_y
max_disp_z
max_prin_mag
max_rat_mag
rrig_rot_x
mas_rot_y
max_rat_z
max_stress_gprin
Ir 1T
max_stress_xx
max_stress_xy
max_sitress_xz

friax_stress_yy hd =l

I Accept | Feviaw... | Measures. . Cancel

Figure 34
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Select Accept. Click on the Arrow Icon and select the parameter thickness as
shown:

¥ Select Parameter

cut_radius

I Accept | Cancel |

Figure 35

Select Accept and OK. Repeat the procedure above to create two additional result
graphs as shown below.

x
Name Title
|"."a'indo'f\'2 | WM _cutlength |
~ Study Selection
Design Study Analysis
= Hloc_sens_studﬂ ||notchjlate_s1atic |V|
~ Display type
| Graph [v]
CGuantity ]
| Measure |v|
E |max_stress_vm |
~Graph Location
" | Design Var |V|
OK || OKandShow || Cancel |

Figure 36: Result Window Definition (Cut length)

30



SENSITIVITY AND OPTIMIZATION STUDIES

Select OK. Create a new result window as shown:

]E Result Window Definition x|
Name Title

| Window3
~ Study Selection
Design Study Analysis
= “Ioc_sens_studﬂ ||notu:hjlate_s‘tatic |V|

WM _cut_radius |

— Dlisplay type
| Graph

Quartity l Display Location | Display Options

| Measure

|max_5tress_vm |

—Graph Location
—|>| Design Var

| 0K || OKandShow ]| Cancel |

Figure 37: Result Window Definition (Cut radius)
Select OK. Select View > Display and select all three windows as shown:

Display Result da |

Figure 38

Select OK. The three result graphs should come up on your screen.

11. Look at the three graphs in Figure 39. To understand the results, look at the

variation of the VM stress versus each parameter. Establish the relationship
between each measure and the Von Mises stresses.
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% Results =] 3
File  Wiew ‘window

S0aa™

Updating the display ... ;I

Neazure man_sires:.

2% LI R 1 B - R g

cut_length

sifividy of wm siress fer cut_lenigh

sitivity o for cut_radius

sensidivily ol rm 3

Figure 39: Local Sensitivity Study Parameter Results

12.  Analyse how sensitive each parameter is to the Von Mises stresses. With the results
shown, you should come to the following conclusions:

That the VM stress is sensitive to all parameters.

This was the main objective of the local sensitivity study. We will carry all three
parameters into the next phase. Please note that should the VM stress not be sensitive to
one of the parameters, we would not carry it on any further in the optimization study.
Select File > Exit Results > No.
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Procedure

Part C: Global Sensitivity Study

Recall:
The objective of the global sensitivity study is to look at the variations of all

parameters into each step of the process as defined by the user.

1. InPro/MECHANICA®, go back to Dsgn Controls > Design Parameters and the
following window should come up on your screen.

cut_length - Create... |
cut_radius
Fewview... |

Delete |

Type: Dimension

Description:
global sensitivity parameter for thickness.

I Dane |

Figure 40

Select Review. Review each parameter and change the minimum and maximum
values to the following magnitudes.

Note: In practice, the designer would set these values as he has an understanding of
the model by now.
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To modify the parameter cut length, select cut_length > Review. The following
window will come up:

MName: In:ut_length

Description:

global sensitivity pararm. for cut length

Type: IDimenSiDn jJ Select..l

rdinimum: Current: haximum:

I Accept I Cancel I

Figure 41

Modify minimum values to 4 and 6 as shown. Click on Accept. Repeat procedure
for the other design parameters, values to be entered are shown in the following
table:

TABLE 2: DESIGN PARAMETERS

Design parameter Minimum Current Maximum
Cut length (in.) 4 6 8
Thickness (in.) 135 25 375
Cut radius (in.) A 25 .5

Click on Done when you have completed all design parameters.

2. Next, create a design study called:glob _sens studl. Select Analyses/Design Studies
and fill out the design study sheet as shown with the following settings:

Select global sensitivity under type.

Under analysis, select anlys_1 (static).

For the parameters: set as seen on the figure below.

Set the number of intervals to six for this analysis.

Do not check repeat P-loop convergence for this analysis (saves time).

34



SENSITIVITY AND OPTIMIZATION STUDIES

Study Name: Iglob_sens_1 Type: I Global Sensitivity 'I

Description: Global Sensitivity study of notched plate.

Analyses:

static_1 (Static)

Farameters: Start: End:
v cut_radius inirmum - aximurm -
IV cut_length Maxirmurm - rinimurm -
¥ thickness Maxirmurm I Minirnurn I~
MNurmber of Intervals: E vl
[” RepeatP-Loop Convergence

I Accept | Cancel |

Figure 42

Note that the minimum and maximum values are set to minimize the plate weight as
the study progresses according to the results of the local sensitivity study:

loc_sens studl. Select Accept.
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3.

36

Run the design study by selecting the design study and click on Run. (Answer Yes to
“Do you want error detection?”) It takes approximately five to six minutes. Take a
well-deserved break. If you want to follow the analysis, click on the status icon:

Run Status (glob_sens_stud_stat1.rpt) Running |
Length: in -~
Maszs: Lbm
Tine: zec
Temnperature: F

Model Type: Thres Dimensional

Point=: 19
Edge=: 31
Faces: 13
Springs: 1}
Masses: a
Beans: 1}
Shells: 13
Solids: 1}
Elemsnts=: 13

Global Sen=itivity Design Study

Parameter Start End
cut_radius 0.1 0.5
cut_length 4 g
thickness 0.375 0.125
Sen=zitiwvity Step 1 of 11
v
[] Detailed Summary
Close I

Figure 43: Status Summary File (global sensitivity study)

Once the analysis is completed, check the last step (step 11) with the partial status
file below:

Sensitivity Step 11 of 11

Parameters:
cut_radius 0.5
cut_length 8
thickness 0.135

Static Analysis "notch_plate static":

Convergence Method: Multiple-Pass Adaptive
Plotting Grid: 4

Convergence Loop Log: (21:49:36)
>>Pass 1 <<
Calculating Element Equations (21:49:36)
Total Number of Equations: 330
Maximum Edge Order: 1
Solving Equations (21:49:37)
Post-Processing Solution (21:49:37)
Calculating Disp and Stress Results  (21:49:37)
Checking Convergence (21:49:37)
Elements Not Converged: 51
Edges Not Converged: 107

Local Disp/Energy Index: 100.0%
Global RMS Stress Index: 100.0%
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Resource Check (21:49:37)
Elapsed Time (sec): 2951.92
CPU Time (sec):  59.03
Memory Usage (kb): 166628
Wrk Dir Dsk Usage (kb): 2048

>> Pass 2 <<

Calculating Element Equations (21:49:38)
Total Number of Equations: 966
Maximum Edge Order: 2
Solving Equations (21:49:38)
Post-Processing Solution (21:49:38)
Calculating Disp and Stress Results  (21:49:38)
Checking Convergence (21:49:39)
Elements Not Converged: 33
Edges Not Converged: 106

Local Disp/Energy Index: 100.0%

Global RMS Stress Index:  67.3%
Resource Check (21:49:39)

Elapsed Time (sec): 2953.28

CPU Time (sec):  60.14

Memory Usage  (kb): 166628

Wrk Dir Dsk Usage (kb): 2048

>>Pass 3 <<

Calculating Element Equations (21:49:39)
Total Number of Equations: 1734
Maximum Edge Order: 3
Solving Equations (21:49:39)
Post-Processing Solution (21:49:40)
Calculating Disp and Stress Results ~ (21:49:40)
Checking Convergence (21:49:41)
Elements Not Converged: 0
Edges Not Converged: 0

Local Disp/Energy Index:  7.6%
Global RMS Stress Index:  4.5%
RMS Stress Error Estimates:
Load Set Stress Error % of Max Prin Str

LoadSetl 3.74e+03  12.0% of 3.12e+04
Resource Check (21:49:41)
Elapsed Time (sec): 2955.73
CPU Time (sec): 61.43
Memory Usage (kb): 166628
Wrk Dir Dsk Usage (kb): 2048
The analysis converged to within 10% on
edge displacement, element strain energy,
and global RMS stress.
Analysis "notch_plate static" Completed (21:49:42)
Completed Global Sensitivity Study
Use Results to plot measures.

Memory and Disk Usage:
Machine Type: Windows NT/x86
RAM Allocation for Solver (megabytes): 128.0
Total Elapsed Time (seconds): 2956.72
Total CPU Time (seconds): 61.84
Maximum Memory Usage (kilobytes): 166628
Working Directory Disk Usage (kilobytes): 2048
Total Elapsed Time in Parameter Updates (seconds):
2647.64
Total Engine Elapsed Time Minus Param. Updates (seconds):
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309.08
Total CPU Time in Parameter Updates (seconds):
4.88
Total Engine CPU Time Minus Param. Updates (seconds):
56.96
Results Directory Size (kilobytes):
789 \glob sens stud statl
Maximum Data Base Working File Sizes (kilobytes):
2048 .\glob_sens_stud_statl.tmp\kell.bas

Run Completed
Sat Apr 05, 2003 21:49:43

Figure 44: Status Summary File (Partial) — Global Sensitivity Study

Select Close > Close.

Results

Select Results and create the maximumVon Mises stress definition sheet as follows:

Click on this icon named ‘Insert a new definition.’

=gl

File Edit “iew Idlsert Info Eormat Utilities  YWYindow

= H s EEe X5

Q& A @R e u i
Figure 45

Create and show the design parameter graphs, similar to the ones for the local sensitivity
study. The three result windows are presented below.
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x
MName Title
|"-"a'indo'r\'1 ||"v"|'v'|_thickness _gss |
~ Study Selection
Design Study Analysis
[ [ "|I0b_sens_stud_staﬂ||nc|tchJ:|Iate_static |v|
~ Display type
|Gmph |v|
Quartity ‘ Display Location | Display Options
| Measurs |v|

[ 1_,'1"' ” max_stress_vm |

Graph Location

| Design Var | hd |

| 0K || OKandShow]| Cancel |

Figure 46: Result Window Definition (Thickness)

The first result window is titled: vm_thickness gss. Fill out the definition sheet as shown
above, then select OK. Create a second result definition window as follows.

5
Mame Title
|"-"a'ind0'f\'2 ||"v"l'v'l_s1ress_cut_leng|'rl _gss |
~ Study Selection
Design Study Analysis
[ = "|Iob_sens_stud_staﬂ||nmchjlate_static |v|
— Display type
|Gmph |v|
Quantity ‘ Display Location | Display Options
| Measure |v|

[ 1_,'1." ” max_stress_vm |

Graph Location

| Design War | hd |

| 0K || OKandShow]| Cancel |

Figure 47: Result Window Definition (Cut length)

The second result window is titled: vm_stress cut length gss. Fill out definition sheet as
shown above, then select OK. Similarly, create a third definition window titled:

VM cut radius gss. Select the radius as the design variable and select OK. Select View
> Display and select all three windows as in Figure 48.
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[ Dipley Result vandaw

| ok | | Cancel |

Figure 48

Select OK. The three result graphs should come up on your screen as shown below.

n Results [_ (O] x|
File Miew  window

@& &[G

Updating the dizplay ... J

“{Pro/E Default)

Slobal Sensidividy of vm sdress fer dhickness

global sensidividy ol ¥m siress Tor

Figure 49: Local Sensitivity Study Results

The intent here is to find the best combination of parameters that will be carried on to the
final optimization study. What conclusions do you come to with regards to each design
parameter as a function of our measure (the Von Mises Stress)?
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Your conclusion looking at the results above should be the following. That for minimum
VM stress, we need the following:

o  maximum thickness,
e  maximum cut length and;
e  minimum cut radius.

I know, these results may be evident to us as strength of material experts. But in practice
of other design projects, it may not be so easy to get to them. We suggest carrying this
procedure for any project regardless of your expertise and confidence, especially for
larger assemblies and design parameters that the effects on the measure are unknown.
This will minimise the optimization time in all cases!

Phase 2: The Optimization Study on Total Mass

We now can move to the final phase of optimization. Let’s review what we have done so
far:

1. With our knowledge of the model and boundary conditions, we determined the
parameters that we wish to optimize on for minimum weight design.

2. We ran a static analysis to determine if our material of choice actually will fit the
application and the study.

3. We ran a local sensitivity study on each parameter to see the effects of VM stress
as the parameter is modified slightly;

4. We ran a global sensitivity study (minimum and maximum values set by the
designer) to look at the best possible combination of parameters that will lead to
our optimized design.

5. We then concluded by selecting parameter values that will minimize the VM
stress.

Now, let’s perform the steps for the final optimization.

Procedure

1. Create a design study of type: optimization study named: opt_study 1. Select Design
Studies and make the following settings (see procedures on figure below).

Select Design Study and enter the information as shown in Figure 50.
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These are pre-determined
from our global sensitivity study,

\

Click on Create and select Max_stress_vm from the list.

Studly Name: Iopt_studyj Type: IOptimization 'I
Description: optimsation of parameters wrt plate thickness, cut length and cut radius.
v Goal: IMinimize vl teasure:  total_mass Select... |
_—
> il T~
[V Limits On i =
Measures: . @ max_strass_wvm < 24000
Create... LI
Delete
Analysis: static_1
\ Load Set.  LoadSet]
Parameter\: tin: Init: e
¥ cut_radils Hinimum - inirriurm \d axirjum - 3‘
v cut_lengt kdinimum - axirnurm i |
¥ thickness dinirmurm - aximum - |
Optim Corgergence (#2): F vl bl Iteration
v RepeatP-Loop wvergen
I Accept | \ Cancel
I

Type in our design stress value (psi).

Set to 10 for this exercise

but suggest a minimum of 15 in practice.

Figure 50: Optimization Study Definition

Run the design study. This may approximately 20 to 30 minutes. The study should
go through five optimization passes. Check the status file and compare it to the one
shown below. Locate the following results on your status file and write them down

here:

Goal (Minimum mass of the model):
Optimized thickness:

Optimized cut_length:

Optimized cut_radius:
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Run Status {op_study_notch_plate.rpt) Not Running |

Begin Optimization Iteration 5 (15:26:38) ad
Converged to optimum design.

Best De=ign Found:

Paramsters:
cut_radius 0.1
cut_length g
thickness 0.1e8531

Goal: 1.7141e+00
Fepeating analyses corresponding to best design. (15:26:38)
Cptimization =tudy =tatistics:

Humber of Base Analwsesz: &
Humber of Perturbation Analy=es: 9

Hemory and Disk Usage:

Machine Type: Windows HT-=86
RAM Allocation for Solwer (megabytes): 128.0

Total Elaps=ed Time (=econd=): 1521 79
Total CPU Time (=econds=s): 186 06
Hazximum MHemory Uszage (kilobytes): 192612
Working Directory Disk Usage (kilobyte=s): 21
Total Elapsed Time in Paramseter Updates (seconds):
1310.14
Total Engine Elapzed Time Hinus Faram. Update=s (=econd=): w

[ Detailed Summary
Umel

Figure 51: Status Summary File (partial) — Optimization Study

Select Close > Close.

Results

We can create and plot the graphs to visualise the different parameters as a function of
mass and Von Mises stresses. Though we will only show a few result windows for this
part of the exercise, there are a lot for the finite element analyst to play around with in
this section.

Select Results. Once the empty window comes up, click on the icon named ‘Insert a
new definition.’

=gl

File Edit “iew [Nset Info FEormat Utilities  WYindow

e R

Q& A @R e u i

Figure 52

Create the two windows shown in Figures 53 and 54.
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PRO/MECHANICA STRUCTURE: ELEMENTS AND APPLICATIONS

From the result window, click on Select; and select the max_vm stress as a measure as
seen below:

[ Result Window Definition x|

M ame Title

[windaw || |
~ Study Selection
Drezign Study Analysiz

|p_study_n0tch_plate| | natch_plate_static |V |

— Dizplay typ
| Graph |V|

Cuantity l Display Location | Display Options

| Measune

| max_shress_wim |

Graph Location

| Optimization Pass

k ||Undsfined |

| ok || OKondShow|| Cancel |

Figure 53: Result Window1 Definition (optimization study)

Select OK. Insert the following definition window.

[ElResult Window Definition x|

I anne Title

[windowz || |
~ Study Selection
Dregign Study Analysiz

|p_study_notch_plate| | notch_plate_static |\' |

~ Dizplay type
| Graph

Quantity l Display Location | Display Dptions

| Measure |V|

Graph Location

| Optimization Pass

k |[Undefined |

| ok || OKendShow || Cancel |

Figure 54: Result Window1 Definition (optimization study)




SENSITIVITY AND OPTIMIZATION STUDIES

Repeat the same procedure to get the results for total mass. Select OK. Select
View >Display and select both windows as shown below:

mays_stress_wmn (toic{_muss
(()M;,Ibrnff’_::etﬁ? foant?) OIL1)|1J Lt b
imization Pd imization Pass
LgadsetLoudSH? Lgacset oudSM?
26b00.00 _ .. A A O O . A0 L e e e
2400000 _]
e\ —
22000, 00 _| : : :
20000. 00 _|
[ 300
< 18000,00 _| &
E|(.ouo.uu_ 250
oog. o0 | 2. L.
: : 2,04
12000.00 |/ .................... .................... ;
1a00d . oo 14
I I I 1 ] ) 1
0 I 2 3 1 0 I 2 3 :
Oplimizotion Pass Optimizatier Poss
. mav_siress_um e telal_mass
Figure 55: Result Graphs (optimization study)
Conclusion

First, congratulations on your first optimization study! I hope you realise that this is a lot
of work. We have reduced the weight of the plate to a minimum with the parameters that
we wanted to measure, which should lead to reduced costs.

Look at the optimization passes above. After the first pass, Pro/MECHANICA® starts
moving towards our limit on the VM stress. The reason that so few passes were needed
is that we did the right work prior to the optimization. All the preliminary work that we
performed with the local and global sensitivity studies lead us to the general area of
optimization, and then we used the optimization design study to refine it to perfection

using the least amount of optimization pass.

45



PRO/MECHANICA STRUCTURE: ELEMENTS AND APPLICATIONS

Project 1

Problem Definition

We would like to optimise the sheet metal bracket in Table 3 in order to minimise
weight and cost.

TABLE 3: OPTIMIZATION PROJECT OBJECTIVES

Optimization Measure to be used for Parameters to be used for
Objective analysis of parameter optimisation study
effect on part

Minimise mass of the Von Mises stress 3. Material Thickness and;
part 4. Bend radius

The model is built from two features (you can omit the holes shown in the figures
below). It is simply a swept protrusion which can be built as shown in Table 4.

TABLE 4: BRACKET MODEL FEATURES

Feature # Description Reference figure
1 Datum Curve (sketched) P1
2 Thin swept protrusion P2
3 Hole Pattern P4
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SENSITIVITY AND OPTIMIZATION STUDIES

Boundary Conditions
Flat vertical flange surfaces (back): fixed in all DOF.

Load (1000 Ibs): Applied on curve surface (top of hat section) though the centre point.

Hint: In load definition form, select Load through a point from load type.

I FUEL_TANK_BEKT [Active] - Pro/ENGINEER Student Edition [for educational use only)
File Edit ‘“iew Datum Sketch Analpsiz Info  Applications  Utliies  Window  Help

D |
F AR

DSEHR S QAN A Qe

® Featyre redefined successfully.

X<
) FUEL_TAMK_BH=] /
..... M RIGHT i~
..... . TOP
..... W FRONT
I PRT_CSYS.
----- o Curveid 39
e Protrusion id
-] Pattem [Hob
Fi-% Group COPY
----- P Insert Here

pFRT_CEV3_DEF

Figure P1: Suspension bracket (3-D view)
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(T3 FUEL_T&MNEK_EBKT.PRT
----- D RIGHT

..... E?’ Tar

..... M FRONT

-m§$ PRT_CSvS_DEF
..... o Curveid 39

gz Protrusion id 45
(3] Pattem [Hole]
&% Group COPIED_GROUP
..... P Inzert Here

PRT_CSYS_DEF

Figure P2: Dimensions of datum curve (2-D)




SENSITIVITY AND OPTIMIZATION STUDIES

Cross Section

I FUEL_TANK_BKT [Active] - Pro/ENGINEER Student Edition [for educational use only)

File Edt Yiew Datum Sketch Analpziz  |nfo

Applications  Utilites  Window Help

: : + AE O | DR | o, Y y
DS EHES QR Qe AFRF AL A @
3] 4 —
S HEE
* Model e window will nat be displayed. 3
EE— | 9 A A
i N, ¢ | B
] FUEL_T.QNK_BP‘I !
” O |~
0,375 .
T ’ O b :chH
%4 PRT_CSYS, i N > D
- Curveid 39 T Hoo T .
H R + o
.o |Inzert Here < l'- Py
+ n
| 125 s
b
_ | I S PRT.CEVS.DEF ¢ | . L
- ' =
28
-
=
+ T .
R? I
S i
R My e
e o
T+ v
]
)
- .50
1 | E

Figure P3: Cross-section of suspension bracket - Thickness and BR are: 3/16"
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I FUEL_TANK_EKT (Active) - Pro/ENGINEER Educational Edition {for educational use only}

|Elc Edit Wicw Inscrt  Analvsis  Info Applications  Tools  Windew  Holp

Do val RrFrad4sdelh 8o00 4Lk
v

oA 3

[F&(PROTRISION)

4 HOLES

£ Select items such as Dinensions, Sections, Trajectories, Talerances, Surface Finis- or other Features for editing
* Section entities from group/pattern can not be cragged.

<0 @

FEIPROTRUSION) | 1 selected Al

Figure P4: Hole Pattern — Holes (.36 in. diameter) are two inches apart (vertically)

Objective: Optimize combined material thickness and bend radius for a design stress of

34 ksi.

Answer: (after “manually” rounding up to nearest nominal values)
Thickness: .25"
Bend Radius: 5/16"

End of Exercise
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