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ngineering design optimization

« Major design modifications performed by
experienced engineer or

* Minor design adjustments due to slightly
different operating conditions, material
change, technological limitations, adjusted
design specifications etc.




Can NOT
be
automated

Can be
automated

Model geometry Physical properties
adjustments within the adjustments within the
same topology same physical setup
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@ QuickField LabelMover 2.3 - [Optimization1]
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Vour are doing Opfimization now.

To try its main features

Click Base Problem... to specify the problem you wantto
study.

Click Add Values & Goal...to specify the value youwantto
optimize
Click Add Variations .. to specify the search space - thatis,
the possible variations ofthe geometry or the label properties
Click Do Optimizationto startthe optimization process.

Press F1formore help.

iAdd Values & Goal... | T
Add Variations...
Do Optimization

Max 00 v

D:\Vovan\work\QFmodels\AmedeoColombetto\.  Base Problem...
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Parametric analysis with LabelMover

Serial analysis
Tolerance analysis

Optimization

- Built-in algorithms

- Externally connected
algorithms
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Main > Application > Sample problems

LabelMover optimization benchmark

Here are LabelMover optimization benchmarks.

Task

Theory

QuickField

%

l linear1. Move square's right edge to the right in order to 1
get the maximal cross-section area. The movement range is

0.1

The optimized value is linearly dependent upon the optimization parameter.

1.9981

0.1%

l linear2. Move square's right and top edges right and up

correspondingly in order to get the maximal cross-section 2
area. The movement range for each edge is 0..1.
The optimized value is linearly dependent upon two 1
optimization parameters.

3.9836

0.41%

l linear3. Move square's 3 edges (right, left and

top) in order to get the maximal cross-section area. 2
The movement range for each edge is 0..1.
The optimized value is linearly dependent upon 3 1
three ontimization parameters.

5.9674

0.54%

Industrial

Educational

Scientific

Sample problems

Examples gallery
Step-by-step tutorials
Verification examples
Programming examples
Distributive examples

Success stories

Customers
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Sergey lonin,
Support engineer
Optimization in QuickField




Problems in QuickField

Geometry
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Inverse problems

*Design
eldentification

Diagnostics




Optimization in LabelMover
1.Set values and goal
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ﬁ@l QuickField LabelMaover 2.3 - [steam_pipe_optima.gval

(=][=] =

File Edit View Tools Help
D = 7
Start Values | variations | Results | Plots for Resuits |
Mame | Goal | Add Values & Goal...
® Heat flux for Arcy Closge to -2100 Add Variations I
* R for vertexX i
Add Values » -
Label: Quantity:
=-[_1] Block Labels [:l Local Values -
----- P asbestos [:l Geometric Quanitities
----- W steal =7 Physical Quanitities
=[] Edge Labele | i # Heat flux
----- & Arcy . # Temperature difference|=
----- £ inside -~ #  Average surface tempel
----- £ outside - %  Average volume temper
[—]D Vertex Labels EEI---@ Average volume temper—
by vErtexy EEI---@ Average volume heat flu
----- [:l Compound Contours - @ Mean square temperatu
..... ik Moz ornizra hast Ao -
4| m 3
Goal Settings
Goal: Iclnsetn ;I
| -2100
Add Compound Caontour... Add Close




Optimization in LabelMover
2.Set variations

Ll Ty
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File Edit View Tools Help
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Optimization in LabelMover

3.Get results

rﬂ:g] QuickField LabelMover 2.3 - [steam EiE_upﬁma.qva_lElﬂu

File Edit View Tools Help

[ |5 P
Start | Values | variations Results I Plots for Results |

Step | Scale out. .. | Heat flux... | R for ver,.. || Add Values & Goal... |

0 1 -1466 150 : — :

1 1,25 -1223.3 187.5 Addga”at'nns

2 0.96353 -1514.4 144,53 Do Optimization |

3 0.73647 -1839.2 117.97 =

4 0.67705 -2166.2 101,56 Max runs: I 100 YI

5 0.64602 -2288.4 96,904

6 0. 706 -20685.3 105.9 Yiew Model |

7 0.69522 -2102.3 104,23 - "
3 0.69672 -2097.3 104,51 - - = = |E i:hu

uickField LabelMaover 2.3 - [steam_pi ima.qva
9 0.69372 -2107.2 104,05 ﬂg] Q : pe_opt 1

File Edit Wiew Tools Help
DS M| =P
Start | Values |  variations | Results <]
Heat fiux for ArcX Add Values & Goal... |
-1200 [
.Add Variations...
-1400 o o Do Optimization |
-1600 Max runs: I 100 'rl
-1800 o] Wiew Model |
-2000 o View Figld |
o O
-2200 & T View Contours... |




Optimization using external
Monte-Carlo algorithm

VBA (Visual Basic for
0 Applications) script
e will do random
variations controlling

solving of problems in
QuickField




?’ Optimization using external
Monte-Carlo algorithm

Variation of parameter will be calculated
by the formula:

V=V down+ (V up—-V down)-Rnd(1)

V_down — lower limit for variation
V up - upper limit for variation
Rnd(1) — random value in range of (0-1)




VBA code for Monte-Carlo

Sub Optimize()

' Declaration of walues

Dim my glm As QLM.SimpleInterface

Set my _glm = CreateObject ("glm.5impleInterface™)

Dim variatinn_ﬂ Az Double 'wvariation °
Dim result As Double ' result DECIaratlon Of Values
Dim result intermediate As Double ' intermediate result

Dim N A= Double 'number of iterations

Dim N _better res As Double 'number of another better result

Dim lzmit_ﬂ_dnwn Az Double ' lower limit of wariation
Dim limit 0 up As Double ' upper limit of wvariation
Dim goal As Double " optimization aim

Dim count As Integer ' counter

'Eeading of walues from the spreadsheet Reading Of Va | ueS from the

limit 0 down = Worksheets ("UI").Cells(7, 2).Value
limit 0 up = Worksheets ("UL").Cells=s(8, 2Z).Value

N = Worksheets ("UIL") .Cells (9, 2).Value SpreadSheet

goal = Worksheets ("UI™) .Cells (10, 2).Value

' Imitialization of wvalues
variation 0 = limit 0 down + (limit 0 up - limit 0 down) * End(1l)
my glm.SetVariation 0, wvariation 0

mdlnSolve mesin(®) Initialization of values

H better res = 1

WErksheets:"UI"}.Cells:ﬁ, 4) .Value = 1
Worksheets ("UI"™) .Cells(&, 5).Value = result
' Cycle
For count = 2 To N
variation 0 = limit O down + (limit 0 up - limit 0 down) * Rnd(1l)
my glm.SetWVariation 0, wvariation 0
my glm.Solve Cyc I e
result _intermediate = my_glm.GetResult (0)
If Abs(result intermediate - goal) < ARbs(result - goal) Then

result = result intermediate

H better res = N better res + 1

Worksheets ("UIL") .Cells (6 + (N _better res - 1), 4).Value = count
Worksheets ("UI") .Cells (& + (N _better res - 1), 5).Value = result
End If

Next count
End Sub




Tools > References

Preparations in VBA
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Jeat Transfer problem: calculation
of required Iinsulation thickness

1 Task:

Calculate thickness of
the steam pipe
insulation to provide
prescribed value of heat
flux of 2100 W

Exact solution:
r3-r2=25mm

Steam Steel Asbestos




Solving using LabelMover

(0 QuickField LabelMover 22 - [steam _piE_E_ma.qva_lFl|Eh“1

File Edit View Tools Help
0S| |
Start I Values | variations Results | Plots for Resuits |
Step | Scale out. .. Heat flux for Arcx R for vertexX | Add Values & Goal...
0 1 -1466 150 -
1 1.9t 4293.3 187.5 Add Variations...
3 0.78647 -1839.2 117.97 = :
4 0.67705 -2166.2 101.56 Max runs: I 100 -
9 0.64602 -2288.4 96,904
B 0.706 -2065.3 105.9 View Model
7 0.69522 -2102.3 104,28
8 0.69672 -2097.3 104,51 View Field
9 0.69372 -2107.2 104.06
View Contours...
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Monte-Carlo approach in Optimization

Solving using VBA

B

This script will work with opened QuickField problem and LabelMover optimization file

Limits for variation of the valueg

Results

Mo of
iteration

function
value

parameter
value

971,905

1,744702425

974,577

1,736903191

-1134.69

1,583744508

Lower limit 5,00E-01
Upper limit 2,00E+DD
MNumber of iterations 1,00E+01
Goal -2, 10E+05

-1134,69

1,583744508

-1134,69

1,383744508

-1720,71

0,84029901

-1720,71

0,84029901

-1720,71

0,84029901

w o |~ ||| g || e | e

-1720,71

0,84029901

[
==

-1720,71

0,84029901




Magnetic problem: calculation of
required core cross-section of the drive

Core
o Task:

A s S Calculate required

+ , " thickness of the core to
Vi provide force on the

v // plunger of 1300 N.

Exact solution:
Winding 10.4 mm

Plunger




Solving using LabelMover

(M QuickField LabelMover 2.3 - [E'nﬁaﬁmqva_blﬂuﬁ

File Edit WView Tools Help

w7

Start | Values | variations Resuilts I Plots for Results
Step | Move coret | Mechanic... Add Values & Goal...;
0 a,0 -436.94 L
1 0, 0.014... 77 Add Variations...
2 UJ‘ D.D;—Iq‘. " '1124.? Eﬂ Dptm|zat|nn
3 0, 0.029... -1305 .
4 0, 0.029... -1298.9 Max runs: IUH|iITI hd
5 0, 0.029... -1300.6
B 0, 0.029... -1301.3 View Model
7 0, 0.029... -1300.1

View Field

View Contours...
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Monte-Carlo approach in Optimization

Solving using VBA

B

This script will work with opened QuickField problem and LabelMover optimization file

Limits for variation of the value

Results

Mo of
iteration

function
value

parameter
value

-1237,57

0,027516353

-1237,57

0,027516353

123757

0,027516353

Lower limit 0,00E+DD
Upper limit 3,90E-D2
Mumber of iterations 1,00E+01
Goal -1, 30E+D5

-1237,57

0,027516353

-1237,57

0,027516353

-1314,09

0,030214864

-1314,09

0,030214864

-1302,73

0,02966822

w o |~ |w || w| |-

-1302,73

0,02966822

[
=

-1302,73

0,02966822




sVlechanical problem: calculation of
allowable force for dynamo wrench

@ Task:

_j/ ! Determine maximal force which

will not cause unallowable
deformations

)__
310

8 Exact solution:

f= 10177 N




Solving using LabelMover

Y

”
mﬁ] QuickRield LabelMover 2.3 - [wrench_optima.qval)

S

File Edit View Tools Help
D = ?
Start | Values | variations Results | Plots for Results

Step | ChangeE... | Displacement ... | Add Values & Goal...
0 -10000 -0.78612 i
1 13870 10364 Add Variations...

2 -8090.2 -0.63598 Do Optimization

3 -10177 -0.8 .
4 -10192 -0.80118 Max runs: I Unlim
2 -10162 -0,7/98582

For Help, press F1

View Model

View Field

View Contours...
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Monte-Carlo approach in Optimization
This script will work with opened QuickField problem and LabelMover optimization file

Limits for variation of the value

Lower limit -2,00E+D4
Upper limit -5,00E+D3
Mumber of iterations 1,00E+01
Goal -8,00E-01

D E F
Results
MNe of function | parameter
iteration | wvalue value

1 -0,95332 | -12126,9736
2 -0,66768 | -B493 32511
3 -0,66768 | -B493,32511
4 -0,87362 | -11113,1263
5 -0,87362 | -11113,1263
& -0.87362 | -11113,1263
7 -0,83797 | -10659,5495
B -0,80834 | -10282, 6822
9 -0,80834 | -10282,6822
10 -0,80834 | -10282,6822




