ME 575
Solving the Twobar Truss Problem Using Isight

1. Log on to an RGS server and launch the Isight 5.5 Design Gateway, as shown below.

1: CAD Programs . CAD Programs

o* Autodesk Vault 2012
. Altair HyperWorks 10.1
. ANSYS121

. ARCGIS10
. AutoCAD 2012

. AutoCAD Civil 3D 2012
. Autodesk Inventor 2012
. Catia R20 x64
CODE6
. DWG TrueView 2012
. GMS8.0
. Isight5.5
19 Design Gateway < 3: Design Gateway
. Marc 2010.2
. MD Adams x64 2011
. ProE3.0
. Revit Structure 2012
. SMS10.1 64-bit
. SolidWorks 2011

2: Isight 5.5

1 Back

’ Search programs and files je |

H @

2. Create an Optimization Loop by either dragging the Optimization component icon

onto the Task icon and confirming the change, or right-click on the Task icon then
select Change to... > New, then select the Optimization option and click OK.
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3. From here, there are two basic ways for Isight to compute the constraint and objective

functions. The first is with the built-in Calculator component % under the Activities
tab. The second is with a pre-compiled executable that the user creates and connects

with Isight using the Simcode component @z also found under the Activities tab.

Setting up the Calculator component

1. To use the Calculator component, click and drag the icon onto the lower edge of the
workflow loop in between the Begin and End nodes. Your workflow should now look
like this:

Optimization1

Calculator
2. Double-click on the Calculator icon in the workflow to edit the component.

3. In the editor window, type in the formulas you would like the Calculator to compute,
using the variable names you desire, following the simple format shown below.
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2 Component Editor - Calculator &y

Provide expressions as : <output= = <function of parameters=
i = 3.14159
eight = 2*pi*d*t*rho*sqrt((B/2)~2+H"2)
stress = (P*sqrt((B/2)~2+H~2))/(2*t*pi*d*H)
uckling = (pi~2*E*(d~2+t~2))/(8*((B/2)~2+H"2))
deflection = (P*(({B/2)~2+H~2)~1.5)/(2*t*pi*d*H~27E)
stress_minus_buckling = stress - buckling

4. Once each formula is free of syntax errors (other than the undefined variables), click OK
to close the editor.

5. Click on the Parameters tab near the top of the screen and you will see fields where you
can edit the values of the variables you created. Enter the values of the input variables in
the value field. The input variables are signified by an orange arrow in the mode field
while the output variables have a blue arrow.

" Workflow | > Dataflow 2C Parameters

=iCaleculator =0 ==
#5' ? 7 13 of 13 rows are shown

Name Al Mode *| Value

° B el 60.0
o d 2] 3.0
° E ®] 30000.0
o H 2] 30.0
o P 2] 66.0
e rho | 0.3
ot 2] 0.15
o buckling G 0.0
o deflection B 0.0
® pi B 0.0
® stress B 0.0
e stress_minus_buckling |3 0.0
o weight B 0.0

6. The Calculator component is now complete. Continue now to the Setting up the
Optimization Component section below.

Setting up the Simcode component
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1. To use the Simcode component, click and drag the icon onto the lower edge of the
workflow loop in between the Begin and End nodes. Your workflow should now look

like this:

Optimization1

] =
[ ] n L ]
Simcode

2. Before this component can be utilized, a extra work must be done.

a. Create an executable that reads from an input file, performs the necessary

calculations, then writes to an output file similar to the one below.

// TwoBarTruss.cpp : Defines the entry point for the console application.
// refer to pg 4-17 of optdesx manual for similar example code.

#include "stdafx.h"”
#include <cmath>
#include <stdio.h>
#include <stdlib.h>

#define PI 3.1415927
Ent main(int argc, char* argv[])

// input variables
double height,width,diameter,thickness,density,modulus,load;

// output function values
double weight,stress,stress_m_buckling,deflection;

// other calculated variables
double Tength,area,iovera,buckling;

| // files
FILE *in, *out;

// read in variable va1ues
fopen("input.txt”,"r");
fscanf(1n ‘height = %1f\n &he1ght);
fscanf(in, "width = %1f\n" ,&width);
fscanf(1n, 'diameter = %1f\n &d1ameter);
fscanf(in, ”thickness = %1f\n",&thickness);
fscanf(in,"density = %1f\n" &dens1ty)
fscanf(in, "modulus = %1f\n &modu1us),
fscanf(in,"load = %1f\n" &Toad),
fclose(in);

// calculate some intermediate variables

length = sgrt(width * width / 4. + height * height);

area = PI * diameter * thickness

iovera = (diameter * diameter + thickness * thickness) / 8.;

// calculate functions

weight = 2. * density * area * length;

stress = load * length / 2. / area / height;

buckling = (PI * PI * modulus * jovera) / (1ength * Jength);
stress_m_buckling = stress - buckling;

deflection = load * pow(length,3) / modulus / area / (height*height);

// write funct1on va1ue5 to output file

out = fopen("output.txt”

fprintf(out, 'weight = %1f\n ,we1ght),

fprintf(out,"stress = %1f\n",stress);

fpr1ntf(out, stress_m buckT1n %1f\n",stress_m_buckling)
fprintf (out,’ ‘deflection = %1fg ,deflection);

fclose(out);

system("pause");

return 0;

}

b. Create an input file that contains the input variables similar to the one below.

Remember to follow the name=value format for each variable.
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c. Create an output file that contains any calculated function value you might want
in the name=value format similar to the one shown below.

N "

(3 input.txt - Notepad M=% (3 output.txt - Notepad =JoJed

File Edit Format View Help File Edit Format View Help

height = 30.0 weight = 35.987352

width = 60.0 stress = 33.011598

diameter = 3.0 stress_m_buckling = -152.506128
thickness = 0.15 deflection = 0.132046

density = 0.3
modulus = 30000.0
load = 66.0

3. Double-click on the Simcode icon in the workflow to edit the component.
4. Click on the Input tab, then the big Click here to open a new data source button.

Click here to open
anew Data Source

Once a new Data Source has been opened,
select the data to readmwrite, select a parameter
or type a parameter name, and then click on the
read or write button (below).

5. Select Update a template file, then click NEXT.

X

‘.3!\ Ifxchanger Wiiard

Select Data Source

Select the source of the data you want to update in the input file parse.

(3) Update a template file
() Write a new file from scratch
() Modify an existing file parameter

- Back ]I ™ Ned } Finist [ Cancel ][ Help ]

6. Browse to the location of the input file and select the Read template from this file for
every run radio button, then click NEXT.
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@ fxchanger Wizard

Select Template File

Select the template file that will be updated by the input parse

Template File:  J:\ForS75\TwoBarTrussTutoriallinput. txt

(O Store contents of the template in the model.
(5) Read template from this file for every run,

Browse

[~ Back || I nNew Finist [ cancel

] I Help ]

7. The Local File Name field should automatically have the name of the input file without

the full path. This is correct. Simply click NEXT.

@‘ Exchanger Wizard

Select Local File Name

indicating the file is in the Fiper Runtime Working Directory
Local File Name | input.txt

Line Ending .Defauil :|

This is the name the file will have when the 0SCommand runs. Normally this is a simple file name,

Browse

- Back l[ ™ Ned Finist I Cancel

| [ Hep

8. Select Name/Value in the format window, then click NEXT.
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E‘z‘ Excﬁanger Wizard

X ]

File Format

Select the section type to be applied to the whole file. ITthe file is a fixed template, the Table format is
usually the most convenient. Program output reports that need to be searched for keywords are best
handled with the General text tool.
Format Description
General Text Data is organized as a list of Name/value pairs. Fields are
Namefvalee || Iocated by matching names. Used only with specially farmatted
Table \data.
Yector

[ - Back l| [~ Next ] Finist I Cancel ] | Help ]

9. You should now see a highlighted form of your input file. Make sure the Equals ‘=’
radio button is selected. You should see something similar to what is shown below.

@ i:;xcilange r Wizar d

Name/Value Delimiter

Select the string that delimits the name field from the value field

~Sample Text

() Space

(O Tab

() Space or Tab
() Colon "'

() Equals '='

) Cther

Handle duplicates:

Error 3

i - Back ]I ™~ Next Finist Cancel

I I Help

10. The next screen will show you the variables that were created along with their values
from the input file. Feel free to modify any nominal value here, then click FINISH to

close the wizard.
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.:5‘ Exchanger Wizard E
Map ltem Names to Parameters
The itern names in the section may be automatically mapped to Parameters ofthe same name.
| op Nafne valie | mode [ Twee (B
® diameter 3.0/ 4=_ Real |~
_.,%" ® density 0.3 4_ Real
e load 6.0/ @] Rea
_# ® modulus 30000.0/ A Real
S © thickness 0.15| a Real
g e vdh 6.0, @] PResl
a7 o height 300 @] FRed
e
[£] £
[ Readal ][ wiitean |[ clearan |
D> Nex | Finish | l Cancel ] | Help ]

11. Now click on the Command tab. Make sure you are in the Basic section. In the field
provided, type in the full path to the executable you will run, or click on Find Program...

and browse to it.

ffiput. Command | Output]

Provide information about the command you want to execute

Basic | Advanced | Required Files | 771

Type Command E

Command Preview J:\ForS75\TwoBar TrussTutoriall TwoBar Truss.exe

Command Line

[ Distribute Executable [ Find Program... I [ Werify Commands ]

JAFors7 5 TwoBarTrussTutorialiTwoBarTruss.exel

1<

£3

Parameter |

aw

&)=

12. Now click on the Output tab. A similar process will be followed as the input file. Start
by clicking the large Click here to open a new data source button.

13. Next to the Sample File field, click the BROWSE button to select your output file. The

Local File Name wi

Il automatically grab the file name, then click NEXT.
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Exchanger Wizard

X ]

Select Sample File

Pick an example of the output file format. This file is used only when sefting up the parse. The

08Command will actually write to the ‘local file' below.

Sample File;  J:\For5751TwoBar TrussTutorialioutput, txt

Local File Name: | output.txt

J |

[ - Back l| [~ Next ] Finist I Cancel Help ]

14. Select the radio button Don’t store the file. The File cannot be mapped to other
components, then click NEXT.

Exchanger Wizard

QOutput Destination

Where will this data be put after the output parse is finished? If you select 'Dont Store’, the file is leftin
the component working directory (which is usually deleted when the component finishes).

() Store with the Job Results
(%) Don't store the file. The file cannot be mapped to other components.|
) Write to a File
- Back I | [~ MNext Finist [ Cancel } I Help

15. Select the Name/Value option in the Format window and click NEXT.
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@‘ Excﬁanger Wizard

File Format

Select the section type to be applied to the whole file. ITthe file is a fixed template, the Table format is
usually the most convenient. Program output reports that need to be searched for keywords are best
handled with the General text tool.

Format Description

General Text | Data is organized as a list of NameNValue pairs. Fields are

amefvalve 1| located by matching names. Used only with specially formatted
Table \data.
Yector

[ - Back l [ [~ Next ] Finist I Cancel ] | Help ]

16. Select the Equals ‘=" radio button, if not already selected and click NEXT.

E@_E;hange r Wizard

Name/Value Delimiter

Select the string that delimits the name field from the value field.

~Sample Text () Space
weight =

e I aiaae o
stress m buckling = () Space or Tab
deflection =

Handle duplicates:

m

Error

-~ Back l | ™ Next Cancel

J |

Help

{X]

17. You will see the output variables that have been created along with the values Isight
found in the output file. Don’t worry about changing these values as they will be
modified by the optimization routine. Click FINISH to close the wizard.
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i}}xc'hanger Wizard ﬁ
Map ltem Names to Paramelers
The itern names in the section may be automatically mapped to Parameters ofthe same name.
| op Name Value Mode | Type =
® stress_m_buckling -152.506128 E Real (A
® deflection 0.132046| [8}  Real
® stress 33.011598) LS Real
® weight 35.987352] [@  Real
[
[ >
Read All Wirite Al Clear All
B> Next l Finish | I Cancel ] I Help ]

18. The Simcode component is now complete. Click OK to close it. Now continue to the
Setting up the Optimization component section.

Setting up the Optimization component

1. For this section, I will use the variables created by the Calculator component, as shown
above (the same process is followed for the Simcode component’s variables). Click on
the Workflow tab to return to the original screen and double-click on the Optimization
component to edit its functionality.

2. Inthe General tab, select LSGRG as the Optimization Technique. We will use its
default settings in this example.

3. Inthe Variables tab, select the check boxes next to diameter (d) and height (H), and
modify the lower and upper bounds of each as shown below.

Q} Component Editor - Optimization

General Variables | Constraints | Objectives |

: Parameter Al Lower Bound Yalue Upper Bound | Allowed Yalues 53,
O e8 60.0 A
—e d 1.0 3.0 3.0
Ol —e€ 30000.0
e H 10.0 30.0 30.0
Ofi-ep 66.0
]| e rho 0.3
Ol et 0.15
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4. In the Constraints tab, select the check boxes next to deflection, stress, and
stress_minus_buckling, and input each constraint upper and lower bound.

22> Component Editor - Optimization b3
=) Optimization

[General | Variables Constraints ]'M

v Parameter 4| Lower Bound | Upper Bound Target Scale Factor | Weight Fac... E

| e bucking
[¥] | i e deflection 0.05 0.25 1.0 1.0
O] epi
[¥] | - @ stress 50.0 100.0 1.0 1.0
O] e weight

5. In the Objectives tab, select the check box next to weight. The default direction for
objectives is minimize. Click OK and we are now ready to solve.

S CormDg

F)'Optimization
“General| Variabies| Constaints. Obiectives |

v Parameter 4| Direction Target Scale Factor | Weight Fac...
- buckling

deflection

“““ ® H

- @ stress

“““ ® stress_minus_buckling

EXL)

ROO0OO0OoOo;
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Running the Optimization

1. To execute the workflow, click on the Run button.

{ = Workflow l% Dataflow| 2€ Parametemgzd Formulatio

You will then see the Runtime Gateway display, showing the workflow and will
automatically begin iterating. You know the execution is successful and complete when
you see a checkered-flag appear above each component in the workflow.

Calculator

Viewing the results

1. To see what happened in the optimization, click on the History tab to see the optimization
loop’s history of input values and output values. The green row shows the optimum and
the red rows show times when constraints were violated.
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9 Parameters (@ History ?
e
l A A i
4 ¥ ¥
[* 4 1 ob :
V4 1 87 E
v 1 88
v 1 89
v 1 30
J 1 91 91348 | 3 0.2509902885 qh 701 ) 2182E-4
v 1 92 1.691352799 1417176 0.2509895947 96.93420214 -9.270727118E-5
v 1 a3 1.690602745 14.22224672 0.2498085368 96.69585193 0. umussma
’ 1 94 59051908 4.20843999 0.250172956 af {
¥4 1 95 1665035027 15.96017323 0.2159595424 89.54717403 -0.03221897593
¥4 1 95 1) BE??DODB2 15. 94323 n 21 5921 2435 as .s?a1 3522 -0. 423021 801
5 1 98
1 99
¥4 1 100
¥4 1 101 !
¥4 1 102 ;
V’ 1 103 583 14348907  0.24697888
v 1 104
v 1 105 -
v 1 106
v 1 107
v 1 108
¥4 1 109
v 1 110 3 i : . ¢ _
v 1 11 3 : i - 03.97838 7.128867855E-5
5 1 112
3 15 SEREE AT s 105073606552
¥4 1 114 1.688207512 14.36425591 0.2465970893 96.05211231 -0.04528955473
¥4 1 115 1.69089572 14.348907 0.2465846361 95.98286678 -0.4568374689
¥4 1 17 3
¥4 1 118 1.69823682 &
¥4 1 119 1690587293
v 1 120 16905742 . a6 i ;
v 1 121 1.6905?5‘[8 14, 21 uses? u 2499999955 96, 7302534 -1 ??4581 341ES
v 1 122 1.69057518 14.23011176 0.2496125351 96.65379316 -0.04650311033
v 1 123 1.693265755 14.21489687 0.2496026402 96.58453769 -0.4594921465 1
v 1 124 1.69057518 14.21489687 0.2439998865 96.7382534 -1.774581341E-5 v
£ m (>

To see plots of the design space, first click on the Visual Design tab then on the “Create
Approximation” button.

You can then view the data in a myriad of ways, including 3D surface plots, 2D contour
plots, correlation graphs, etc.

a. 3D surface plots are found under the Visualization tab, then the 3D Graphs tab.
Double click on any image to open the plot.
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| = Workflow | 2C Parameters | 4 History| %2 Data Analysis ¥ Visual Design

Visualization | Design Search | Error Analysis | View Data |

Inputs

d i 3.0
1.624... ] 30
H ' 30.0 |
12.75... 300

b N

"2D Graphs 3D Graphs | ol

<

deflectionvs. d and H

b. Plot controls are on the left, allowing you to zoom, pan, and rotate the plot. You
may change the plot input variables (X-axis and Y-axis) and output variable (Z-
axis) below the displayed plot. Double-clicking on the plot will return to the

previous selection screen.

20 Graphs 3D Graphs | Contour Graphs | Local Effects | Global Effects

4

H
44 15 18 20 22 24 25 B 30 252422 2 18 16

38
36
i
XS
“ RN, K
: .L.‘m 3
Par B 128 ..
@ren 2 15 5
_g— = ‘.:-4 g
Rotation 2 )
X 13 .;0
¥ =
) 118
z 30 &
Scale (%)
100 @)
O Auto-fitz-ais 30 Y:0 Z0
X-Axis (Input) Y.Axis (Input) Z.Axis (Output)
H V] [ v [weight v]
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c. 2D contour plots are found under the Contour Graphs tab and have similar
functionality as the 3D plots.

30 Graphs | 3D Graphs Contour Graphs | Local Effects | Global Effects |

H
14 16 18 20 22 24 26 28 30

e .

2.9+ - - I'-:";’”"‘_;mf = _—29 ! :i
2_3__-\ :*--. ::-__ \\. ~ L __2_3 23
27 T e T e L L L N 27 4

2.6-_ [~ Py B P _-2.6 30

p I T e R e S S Y 2

2.4 T e P ] [2.4 -

o 2.3 T RS SS] F's .
2.1 <] [F LI 2.1 2

2 B . -2 209

1.9 e =T 1.9 19.9

18 1.8 e

7 17 L)

16 1.6 o

14 16 18 20 22 24 26 28 30
H
[[] Overiay Constraint Violations Data on Contour Graph
K-Axis (Input) Y-Axis (Input) Z-Axis (Output)
H i:l ‘d ﬂ ;weighl ﬂ

d. Clicking on the Local Effects or Global Effects tabs, then double-clicking any
output variable allows the user to discover, based on the optimization, how much
each variable affects that particular output variable, both constraints and
objectives.

2D Graphs | 3D Graphs | Contour Graphs Local Effects | Global Effects |

deflection stress stress_minus_buckling weight
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e. Click on the Summary tab to view a textual optimization summary, including
termination reason (here the Kuhn-Tucker conditions were satisfied) along with
the optimum and constraint values at the optimum.

S ing desi oint:
H =30.0 [10.0 <x < 30.0]
d =30 [10<=x<30

Completed on Thu Dec 16 16:39:49 MST 2010
Total design evaluations: 124
Number of feasible designs: 57

LSGRG termination reason: KUHN-TUCKER CONDITIONS SATISFIED

Optimum design point:

Run # =121

Objective = 15.868276982823016
Penalty =00
ObjectiveAndPenalty = 15.868276982823016
d = 1.6905751797485804
H = 14.214896865903023
deflection = 0.24999988649489013
stress = 06.73825339834139

-1.774581340896475E-5
15.868276982823016

stress_minus_buckling
weight

Calculated constiraint values at the optimum:
fconstraint value is a difference between the bound or target

and the oulput pavaraeter value, scaded and weighted)

deflection (Lower Bound Constraint) =-0.19999988649489014  (satisfied)
deflection (Upper Bound Constraint) =-1.1350510986662954E-7 (satisfied)
stress (Lower Bound Constraint) = -46,738253398341385 (satisfied)
stress (Upper Bound Constraint) =-3.261746601658615 (scatisfied)

stress_minus_buckling (Lower Bound Constraint) = -49.99998225418659 (sctisfied)
stress_minus_buckling (Upper Bound Constraint) = -1.774581340896475E-5  (satisfied)
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