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VisualDOC

> A general purpose multi-disciplinary design,
optimization, and process integration software

> Can add design modules to almost any analysis
program (e.g. Genesis, Nastran, Ansys, LS-Dyna, etc.)

> Multi-level/multiple design studies in a single
simulation
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Evolution of VisualDOC

Design Modules

DOT User- BIGDOT Probabilistic | Discrete Combinatorial Multi-level OPT, DOE,
RSA supplied GA optimization RSA Multi-objective RSM, Probabilistic, ...
DOE gradients PSO Monte Carlo Discrete DOE Full MDO capability
New DOE MVA
designs
Process Integration
Standalone| VisualScript If stat. Loop Shared Synthetic functions Workflow
program Text file Excel Matlab library Morpher Components
interface ADAMS Array Auto data/connect/link
API LS-DYNA element Full parameterization
Design Environment
GUI Database | Real-time What-If DOE | Scatter, matrix plot | Simulation Monitors
plots plots 2D & 3D plots SDM, Debugger
Parallel Remote| Approx. viewers SQL database
(MPI) run Parallel (Shared) Partial model
Parallel VisualScript execution
vl v2 v3 v4 v5 v6.X v7.X .
1998 2001 2002 2004 2005 2006-2009 2011-Present



VisualDOC Interface

VisualDOC 7.1 : fhome/stiwari/fMulti-level Optimization.vdbx
File Edit Run Tools Database Help
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VisualDOC Setup

> Define the VisualDOC Model

> Setup the workflow components

> Components are designed to perform specific tasks
> Data definition

> Define the data for each component
> Data Linking

> Define the flow/transfer of data between
components

> Validate and Run



VisualDOC Model

> Connected workflow of
components

> Visual programming approach to
model creation

> Resembles a typical flowchart

> Natural and easier (intuitive)

> Correctly envision the design process,
semantic validity

> Each component performs a
specific task
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Flow Control Components

» @ For Loop

» @ While Loop

> 2 If Condition

> @ Stop Execution
> ... and more




Design Components

> & Optimization
> [t Design of Experiments

> & Response Surface
> /X Probability Analysis




Analysis Components

> 4. Matlab > Y Filel/O

> [x: Excel » ¥ File Backup
> % Equation > ¥ GENESIS
> {%¢  Executable

> %, Shared Library

> & Executable Wrapper



Component Data

: Easic Attributes Scaling Objective
Name Input/ Qutput Data Type Value Type | Adv. Attribute | Variable | Objective [Constraint Lower Bound
X Input * |Vector * | Real * | Mone - L] -200.0 [~ |
: O -200.0
L] -200.0
L ~200.0
L] -200.0
Ll -200.0
L] 3
L] 5.0
L] 10.0
L] 0.5
L] 1.0
L]
[
[ [
1 1

: Mmass Qutput w |Scalar * [Eeal * | Mone - L]
| & stress Output ¥ |Vector ¥ | Real ¥ | None v -18000.0
Kl Output ¥ |Vector ¥ |Real ¥ |MNone v -7 B54E6 g
e [T T o THT TENTT S [ e P N . | Flonn — 1 1
1Kl I | DRk
: - g i [t .. 'r E E @ 4"/ ﬁ Selected Data: area




Component Editors

File Definition

¢ [*7 D015 out.tmpl
¢ ¥ Crod info
¢ @ Crod
72 areald
T2 gridd
o grid2id
¢ ¥ Grid Info
¢ Grid
F
s

b
H
¢ ¥ Prod Info
¢ S Prod
7 area
¢ ¥ Mass info
¢ System mass
7 mass
¢ ¥ Force info
o force
¢ @ Stress info

T2 stress

Template file /home/stiwari/vrand/vdoc?.0/examples/TenBarTrussGenesis/D015. out.tmpl

1 2 3 4 5 &
123456780%1 234567801 234 56780%1 234 56780 %1 23456 7B 123456 TEO%1 234 56 789"

214 i

215 FORCES IN ROD ELEMENTS

216

217 ROD ID FORCE-A FORCE-BE

218

219 1 2.000000E+04

220 2 -2.B2B427E+04

221 3 -2.000000E+04

222 4 2.000000E+04

223 5 5.656854E4+04

224 & -6.000000E+04

225 7 -6, 000000E+04

226 g 5. 000000E+04

227 a 8.485281FE+04

228 10 -1.200000E+05

220 11 -8.000000E+04

230 1z 1. 200000E+05 L |

231 12 1.131371E405 =

232 14 -2.000000E+05 i

233 15 -1.000000E+05

234 15 2.000000E4+05 -

235 1,414214F405 il

1 [*]

Extract
Name [force |
Relative Line Number [4 |

Format Specification Array Specification

|'| Use Array

Free Format [] Consecutive

Separator |(SPACE), (TAB)
Field Numb 2

| Array Length |18 |
| Array offset [1 |

Maximum Width

Optimizer |Gradient Based Optimization

Constrained Method

® Modified Method of Feasible Direction (MMFD)
) Sequential Quadratic Programming GQP

) Sequential Linear Programming GLP)

) Sequential Unconstrained Optimization BIGDOT)
Unconstrained Method

® Broydon-Fletcher- Goldfarb-Shanno (BFGS)

) Fletcher-Reeves Method

) Sequential Unconstrained Optimization BIGDOT)

Gradient

Gradient Calculation |Fnrward Differ

ence |v|

Relative Finite Difference Step Size |1.0E—3

Absolute Finite Difference Step Size |1.0E—4

BlE]

Stopping Criteria

Relative Objective Convergence |1.0E—3

Absolute Objective Convergence |1.0E—6

Maximum Number of Iterations |100

Iterations for Convergence |2

BlelElEl

[]Show Advanced Options

lES
File 1/O

35

Optimization

Defaults




GENESIS Component Editor

Analysis Workflow

' T |2 tenbar.dattmpl
@} 3 CAProgram FilesWRAMDWhin\genesis.exe
7 4 tenbar.outtmpl

File Path ltenbar.dat ;

= I i ; ; ;
Current Path  C\Users\Phani AdduriiDesktop\Demolvdocitenbar matl topoloavitert: 2~?}|3 CAProgram FilesWRANDhin\genesis.exe
i = “ 4 tenbar.outtmpl

Ao

! Analysis Workflow
% : tenbar.dattmpl

Template File

File Name tenbar.dattmpl

Parsed Data

3 : 7 7
oo ki ¢t ¥ X BP @S
Data Filter |ALL e
= -
Name _ Value Analysis Configuration m
o~ [ PROD_MID . o
o T PROD_AREA Local Analysis Program Definition
o O MATI_E ® Absolute
= ! . i __4lAnalysis Workflow
o [ MAT1_G File Path Type ' Relative to Analysis Working Diy: ~
- AT _NU i : | 2 tenbar.dattmpl
= = ©J Environment : {@} 3 CAProgram FilesWRAMDWbin\genesis.exe
e T TS File Path [caProgram FilsswRANDWinigenes | |+ 4 tanbar autimpl
Current Path CiProgram FilesWRANDbin\genes:
Analysis Options
Program Arguments |tenbar.dat E: § * X ‘S D’ {é} @
Valid Return Code |0 e >

File Path ltenbar.out Cm
Current Path  C:\Users\Fhani AdduriiDesktop\DemoWwdocitenbar mat! topologyitenbar.out = |

Time Out (seconds) |C|

[] Extract Return Code as output

Template File
File Name tenbar.outtmpl

Parsed Data

....... Data Filter |System Mass |V| D Loadcase Add
Name Value Use L3
¢ [ SystemMass O
[} systemMass_SYSTEM i 817.649
9 [] StrainEnergy |
D StrainEnergy_Loadcase_1 3.149309EE
K I [T |

B ¢ ¢ X




Data Linker

+
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ds
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dx
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Link
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Drag-and-drop mode:  ® Add data ) Add link i Add data and link
¢ < Opt 9 & opt
& |d| x> ——>(d| mass
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areal0] — ¢ =d| «_i
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o [d] x.i=> =/d] x_i[3]
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o [d] area—» —t>(d]
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Model Execution

> Real-time visual feedback for model execution

> Cyclic execution (conditional branching) of sub-flows

> Ability to reuse simulation data from previous runs

> Execute individual components or only part of a sub-flow
> Remote Run

> Parallel Execution

> Batch Execution

> Monitor the execution



Advanced Capabilities

» Setup multi-level/multiple design studies in
the same model

» Full parameterization support .
d
- ] *w
» Auto-completion PR T )
> Rearrange the model tree mno -
» Connect the model tree A
. / 1! %
» Populate with data -

> Link data between different models Auto
Link q
\ &



Advanced Capabilities

> |Import/Export/Validate/Run/ Post-
process only part of a sub-flow

» Add/remove/enable/disable break-points
while model execution in progress

» Ability to

> Start/stop/pause/continue model
execution

> Step-by-step execution (interactive)




Break Points

© > Red octagon: enabled breakpoint
» Green circle: disabled breakpoint

» Red octagon with cross: active
breakpoint

Equation




Simulation Monitors

> Real-time monitoring of simulation data

> Visualization plots, tables, animations, etc.

> Simulation monitors can be added/edited before,
during, or after a simulation run

> Any number and types of monitors can be added

> Do not interfere with model execution




Simulation Monitors

~| ¢ 4 List of Models ¢ B List of Monitors = @:
@Stan ] #r Optimization History Monitor 1 +
o " initial value ? ® sample 1 2
9 & Opt 3% axis (BestObjective) s :
9 X = ¢ #r Optimization History Maonitor 2
K[0] = ? ® sample 1 o :
K[ 1] = —————————=% 1 axis (WorstConstraint) I
| x[2] > ¢ % Monitor 3 27D) .
1 x[3] —> ¢ ® sample 1 L é“r
¢ [dz—> %1 axis (x[0]) e
z[0] = X2 axis (x[1]) F
z[1]=> —X3 axis (x[2]) é“I
z[2] = —»X4 axis (x[3]) ﬁz
z[3] = X5 axis (2[0]) o
o~ [d| area—> %5 axis (z[1]) e
mass —» X7 axis (z[2]) @r
o= || stress —» B axis (Z[3]) e
o |dl B> -39 axis (mass) H:
o [d] x_i—> L 3%10 axis (stress[0]) B;Jf
o [dl z_i=> —¥x 11 axis (stress[1])
@ Data Related Farameters %12 axis (stress[2]) :
? @ Simulation Farameters %13 axis (stress[3])
(7'} Iteration = X 14 axis (stress[4])
= (7'} Sublteration — 15 axis (stress[5])
[ | »] ¥} 16 axis (stress[&]) -

ll |
*EQE@ Min Max #t: E.'é“"
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Simulation Monitors

£, Optimization History Monitor 4 :

o 7 M Monitor 6 (2D)

Optimization History Plot

Scatter Plot (W2vs. A)

Monitor 8 (3D)

Scatter Matrix Plot { A, T1,T2)
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Post Processing

> Performed only after a component’s execution has
finished

> Summary reports, design point tables, visualization plots
etc.

> Interactive visualization tools (e.g. Approximation viewer
for DOE)

> Extract/store simulation data — a flexible and intuitive
interface to choose the data to extract



Post Processin

=7 2D Approx. viewer for Response Surface (id = 3, invocation = 1)
Variable vs Response : Input
-4200 2000 F :
-4am 1000 | A 0.01
e or :
-4500 1§ 000 |- oo} 1 75.0
4800 [r -2000 :
-4800 -3000 | A Cx2 0.01
> =L -4000 | :
5200 - I o J; ]
-2200 © sooo 1 |00 () 75.0
-2400 | - i3
-7, J S S S S e 0 = s 0.01
0102030405060 7080 0123456789310
o0t 1 75.0
04 F
i | =0 05
a2 b o5 I 95
04 r i C
0E F T
038 r -
” il Output
. 14k | Ev -4480.1255
24 bedeeoboio | R SSESES RS I ! =
0102030405060 70&0 012345673310 ﬂ.ﬂ| |223?,Q
| CIEquito 19.904894
x1 D 125 | 2.4
T L. | D Equiles 35161247
[t AR - .................................... - ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' _ 1_8 I | 1.?
Approximated Equations
V= -5876.070572822077 + 15.756568611 5511 - Cim 0.3332729
414.960353610704%2 + 21 36368509071 743 + 04| |03
2934 46331 2564868°D + 0.25713701 4235"1 %2 -
0.816440245887*%1%3 + 9.3345472841 46%1*D - | s el
0.570460388087*x2*3 + 55.788072392085"%2*D + No7] | -0.0
7.095570960288"3*D - 0.434265250566%12 - :
0.258784276200%242 - 0 4342810427302 - | ElLoc 0.23643382
311.438407279692D"2 — | 588 |47

Approximation Viewer



Post Processing

" 3D Approx. viewer for Response Surface (id = 3, invocation = 1)
A Input
1.0 k
0.0 =1 0.01
1.0 Jool) I 75.0
1 Ox2 0.0
Jool) i 75.0
| ¥x3 0.01
5 oo (] " 75.0
[ .
= |=e s |
o -
o i I ]
s £ |08 . 9.5
L R O R I
-1.0 | Output
1 &v -4480.1255
oo | 2237.9
[¥] EquilD 19.904804
|25 | 2.4
| CIEquil4s 35161247
Approximated Equations |~ | 1.8 | 1.7
V'=-5876.079972822077 + 15.756568611951%1 - = | &M 03332723
414 960353619704™2 + 21.363685990717"%3 + 404 | 0.3
2934 463312564858"D + 0.257137914235%1™2 - 1 ws 15403917
0.816440245087%1"3 + 0.334547284146™1*D - : | |
0.570460388067 %23 + 55.786072302085%2°D + 107 -0.0
7.095570960289"%3"D - 0.434265259565"12 - | CLoc 0.23643382
0.258784276209%2°2 - 0.4342810422%3°2 - || 588 la7
311.438407279692*D"2 ~|:

Approximation Viewer



Post Processing

T T2 *| brush 0
43 & | |brush 1
— :| |brush 0 + brush 1
s Ill‘r.l! = -

35 373035 [ £

12 8FEe—

‘| Name :

AN @O HE X @@

Parallel Plots



Examples




Barrier Design Example

» Desired: lightest structure
for specified deformation

» Minimize mass subject to
deflection constraints

» LS-DYNA used for analysis




Final optimized (feasible) design

Mass = 8.83 kg Mass = 17.139 kg
Deflection = 486.28 mm Deflection = 129.86 mm

Initial (infeasible) design



Dynamic Balancing of Gimbaled

Assembly

» Gimbal: An electro-optical system on
which image sensors are mounted

» Objective: Maintain the line-
of-sight with stability and
precision irrespective of the
motion/vibration of the
support on which the Gimbal
is mounted

» Multi-axial dynamic balancing
performed

Inner Gimbal

Infrared &
timage sensor | | Gyvre Controller
Sensor Frame
Pivot % ‘ |
% Linear
Center Frame Actuator

Isolator

Outer Gimbal




Dynamic Balancing of Gimbaled
Assembly

> Results
»95% reduction in unbalance about y-axis
»90% reduction in unbalance about z-axis

Image obtained
from the sensor
mounted on the
Gimbal

Initial Optimal



Shape Design of an Automobile

> Design objective: Minimize the coefficient of
drag C,

» VisualDOC coupled to a CFD model of the car

Vehicle details removed



Shape Design of an Automobile

> Response surface approximation (RSA) based
optimization done in VisualDOC

> 14.3% improvement in Coefficient of Drag C,

Vehicle details removed



Design of Ergonomic Hand-Rails /A%

» Multi-objective optimization of hand-rails for Sit-to-
Stand movement

» Experimental verification with live subjects

> Minimize the muscle load

» Optimization results verified using surface
electromyograms



Design of Ergonomic Hand-Rails,

» Determined that a trade-
off exists between the
muscle load of triceps
brachii and tibialis interior :

600

oy 800 Yo
» The lower the position of oot Tiise beiht

the hand-rails, the lowe
the muscle load

A

v
ol

b .

| ll- :

(a) Anterior deltoid (b) Triceps brachii (¢) Rectus femoris (d) Tibialis anterior



Thank You

Questions/Comments?

For more information visit:
http://www.vrand.com/visualdoc.html

Email: visualdoc.support@vrand.com
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