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Introduction

e Design of large scale products and processes require interaction
from several different disciplines.

o These disciplines utilize computationally expensive analyses codes,
for example, FEA, CFD etc.

o With rapidly increasing costs, never before has there been a need
for producing optimally designed products.

e This paper presents a product design solution suite that provides
engineers the capability to integrate multiple analyses software
AND optimize designs over these multiple analyses codes.
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VisualDOC - Framework

e Database is the central component of the software.
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VisualDOC Introduction
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Optimization Modules
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Gradient Based Optimization

Optimization Options

ConStralned Probabilistic Analysis rﬁdvanced |
Method r Cradients r Stopping Criteria |

TSeonstrained Method

i) Sequential Quadratic Programming

i1 Sequential Linear Programming

i Modified Method of Feasible Directions

i Sequential Unconstrained Optimization (BICDOT)

Current problem definition will use a constrained method
Unconstrained Method

N\

d
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i1 Fletcher-Reeves

i Sequential Unconstrained Optimization (BICDOT)

Unconstrained

Muhliple 5tarting Foints

|:| Use multiple starting points from design points table

Create)Edit Design Foints Table...

(0]'8 Defaults Cancel Help
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Design of Experiments

£

= | DOE Options |

l/CeneraI rDesign rPrubabiIisticAnalysis | L4 Create an experimental

DOE Model

i Linear deSign

i1 Mixed: Linear + Interactions
i1 Mixed: Linear + Quadratic SeleCt
© Full Quadratic —~ B Sampling Method

i Forward Stepwise Regression

Design Probabilistic Analysis |

Minimum number of points for the current model =7

DOE Action Designs

() Create DOE points only i) Factorial i® Composite i) Box-Behnken
i@ Create DOE points with responses () Koshal () Latin Hypercube () Taguchi

(") Create DOE with approximations () Simplex ) Random {_) User Defined

Minimum number of points for the current model = 7

SeleCt DOE Design Options
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[(#].4 Defaults Cancel Help D—-Optimal Design
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[(#].4 Defaults Cancel Help
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Design of Experiments

Select . :
Sampling Method Approximate responses

&1 DOE Options
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Mirmirnm number of points for the current model = 7
D-Optimal Design DOE Action

[ | Use D-Optimal Design () Create DOE points anly
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Ok Defaults Cancel Helg
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Design of Experiments
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Response Surface Coefficients
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Response Surface Optimization

i Mixed: Linear + Interactions

i Mixed: Linear + Quadratic
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Non-Gradient Based Optimization

Select
— _ Optimization
Probabilistic Analysis rAduancEd |

f=CeneraI r P50 |/CA r Stnpping/&:’r&ﬁ- Algorlthm

Optimization Options

NGO Method
(® Particle Swarm Optimization (PSO)
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i - . - . s Optimization Options
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/ Cross-Over Type: u
Probability of Cross-0ver: III.E!S|
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Startlng Strategy Defaults Cancel Help
Define Algorithm
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Probabilistic Analysis and Optimization

File Edit Catalog Task Post Attributes Database Window Help

EHEIESEL BIGIE NI
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1 h_Paraml Continuous (| 2.00 2.00 /N’one o
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~ O
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2 |volume_mean Independent [ Probabilistic Analysis Method
WValume_StdDew - | 1 . .
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Probabilistic Analysis and Optimization

Reliability Optimization = Robust Optimization
Control the probability of failure Control the variability of a response

Constraint

Bound
—

Probability Ay |
of failure

Probability
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Direct Interface --Excel

CEX

Microsoft Excel - excel exmpl.xls

(4] Fle Edit View Insert Format  Tools Data  Window Help  Adobe PDF Type aquestion for help |« 2 & X
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LE]
| 5 |
| 9 |
10
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Direct Interface -- Excel

& VisualDOC-Excel Interface E|

Excel File: |C:'wisualdu:|c examplesiexcel_exmplexcel_exmpl.xls | | Erovese, .. |
|:| Leave Excel open when done
[ ]
D Save Excel workbook when done [ ] ‘ ; re ate V I S u aI D O‘ ;—
Design Yariahles Responses
Matme Sheet | Row | Column Mame Sheet | Rowe | Column E | 7 t f

. P 4| b | ke s | € Xcel Interrace

1y 1 ] = Wolume 1 1 E

I 1 E B

&1 Select Analysis Executable E]
Look Im: [ excel_exmpl - E:E:l =
] =naps
‘ Load... | | Save... | ‘ Cloze

D excel_exmpl.vxl

« Use the Interface
as the analysis File Marme: ECel_exmiplyvil |

Filez of Type:  |WisualDOC-Excel Interface Files (* wxl) | 4

prog ram All Files

“izualzoript Files (% gy
Executable Files (* exe)
izualDoC-Excel Interface Files (* wxl) =
MATLAE M Files (*.m)
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Direct Interface -- Matlab

oG e e e He s e e s e g S sede fe e g de g fe e e e e e e e e e sesle s s s e e sl e e e e sese se S N e e Rele e e

%o Example MATLAB function for calculating surface area (A)
%o of a material to make abox, and a volume (V) of a box.
%o The inputs should be height (H), width (W), and depth (D}

2% of 2 box. * Prepare Matlab

oG dei i oo dodiod el ol ek e e e e e e e e e e el e e s e e e e e s e e e e e e ele e e

function [RESP] = box(DVAR) M'fi Ie

oG e e e se se e gesie se e e ge gede fe e e e gee e s e e e e e sje s e e sjesle e s s e e sesle s e e e sesje e se e e e see e e

%a Copy design vector to local design variables
%o ( DV AR-vector to H, W and D)

%o NOTE: The DVAR vector indices correspond to the location

"o ofthe design variables in Visual DOC Inputs window

c.";l:l EE R R R R S Y e R S
H = DVAR(1):
W = DVAR(2);
D = DVAR(3);

oG dedededede e e de e e e e e e e e oo e e e e oo e e e e e e e e e e e e e o

‘ - Incie:: Mame Type Ohjective Lo Bound Initial */alue Unp Bound
* Calculate the surface area of a material to make a bo|™, P —— o T oo =

%o and the volune of a box (V) 2w Continuous ¥ 000 100 10000
D, ek e ek s ke e sk s ke s ke e e e ke skl ks ke 3D Continuaus ¥ oo 100 10000 =

j [ |

A = 2.0%( H*W + H*D + 2*W*D );

[
=
&

Lo Bounc Lt Bounid
Mone Pone
200 Mone

N = H* '“,r* D: Inces: Izihe Type Ohije

By b e s s s s s ok s e s e s s s s ks e ok e s e ek e e 1 |Area Independent
- 2

I

“olume Independent

%o Map the responses back to the RESP vector

oG e e e e R e e e e e o e e e e e e e e e e e e e e e e e e e e e e el

RESP(1)=A;
RESP(2)=V:

« Define the Inputs
and Responses in

LAEEEEE R R EENENEREBE NE BE |

DDDDDDDDDDDHD%
ES
|

[ oo o o o

4]
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Direct Interface -- Matlab

A

|EY Create Task

Design Task Description

|Mat|ab gxample |

Design Task Analysis Program L Create a taSk

| || Browse... |

Create... Advanced... Cancel Help

Look In:  |[] examples L= @@B@E . Specify the Matlab

s
=] 3sigma =] userLink

||j box_random ] VisualScript M'fi Ie as the

= c_api =] vscriptbeam .
!lehemicai analySIS program
(=] Excel
:Ij House
!|j Matlak
||j Piston

File Mame;

Files of Type: |VisualScript Files (* py) b4
Al Files

VisualScript Files (*.py)

Executable Files (*.exe)

isualDOC-Excel Interface Files (*.vx)
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Coupling Third Party Software Through VisualScript

Create analysis

B visualScript [DiWorkitermpinonlinoptz_mmid_finalnonlin_pl... =] E3

File Edit Toolz Help WOfkﬂOW in
H [+ &943 /00 VisualScript
sart )
} DS @ Q=
ABAQUS PREPARE AND RUN Script Defintion q D iviork demptnonlinopt2_mimfc_finaltnonliin_plate2 ing
¢ I ABAGUS PREPARE A]" 1 2 3 4 5
b remFrEV-bat : 123456789+ 23456789+ 1 23456789+ 1 23456759+ 1 23456759+ 1 234567
l ? '-l-j | 49.+BEAM SECTION, MATERIAL=ACIER, SECTION=RECT, -
- skin) | = - ]
Extract Error o~ W E6 (long =tiff 50 ELSET=E0000002
o= % E7 (cross stif] o] :
o= & Ef (cross =tif] - 52 0.000000E+00, &8.695324E-03, -9, 999622E-01
o= % B9 (main stiff B3 +5HELL SECTI0M, ELSET=EQ000003, MATER [ AL=ACIER
] G- %80 E10 (main stif R4 7.000E-03, 3 "
, T £l Beamet | BB SHELL SECTION, ELSET=EOD0D04, HATER | AL=ACIER —
4’@ & sbacus bat | % LO0E-02, 3
W BT «sHELL SECTIOM, ELSET=TOLE, MATER|AL=ACIER
Extract Resps o8 _’ 3
RO +5HELL SECTIOM, ELSET=EOOO0OO0G, WATER | AL=AC 1ER
| o pioassososmeess,
- Bl el SECTLOWLELAET=FAOO000T , MATER | AL=4C 1ER n
End c . bl
=) | Extract the Inputs from the input file
. . Ok Cancel Help
| Call third party analysis program

Extract the Outputs from the output file
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VisualDOC API

« VisualDOC C/C++ Application Programming Interface (API)
functions allow users to embed all the capabilities of
VisualDOC into users’ own program.

« These capabilities include
— Direct Gradient-based Optimization (DGO)
— Response Surface Approximate Optimization (RSA)
— Design Of Experiments (DOE)
— Non-gradient-based Optimization (NGO)
— Single Analysis

— Probabilistic Optimization.
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Parallel Analysis

H &S 940 000 ¢
o |+ Put multiple
analysis elements
e | in the Parallel
) Container
@ Paraulrl Analysis |
l . — arae Container: Parallel" Analysis

 Add Parallel Container
to the workflow

Abagqus Genesis | ﬂh‘laﬂah |

il L
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Remote Run

E E E E - Analysis — Remote
L L 1 1  computers

Fun on Remaote Machine

Remote & Parallel Processing

Aralysis Program: |1.usrUncallvrandﬁbinﬁ.genesis-g.III | | Browese. . |

l]isualDO(‘ Program Arguments: | Jdatafiletenbar dat |
Analysiz Return Code

|:| Extract Return Code az Response

Sual Scrlr' (] Terminate Overall Task Execution for all Invalid Return Codes

Yalid Return Code:

Remote Execution
Connection Protocol. 08 SSH i) REH

Advanced Setup

Femate Lzer Mame: |username |

Test Connection

Femote Host hame: |server1 |

Femate Work Dirgctory: |..l'datafile| |

° Vi S al D O C Input and Output File List:
u Input File List: Output File List:

tenbar dat

local computer o

/ i, Cancel Help

Define remote connection properties |~
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Create and Run Task

=] Create Tas wnl

Design Task Description e Create an
|tenbar parallel analysis | opti mization task

Design Task Analysis Program

[fenbar_paralielpy

Create... Advanced...

Select Taskis) to Run

Mo Available Tasks to Run M .. .

|:| Create Debug Output Run Abort Close Help P
i Ru n the Plot Ohjective Runtime: 00:01:13

I I I Objective Function Histo B -
Optlmlzatlon taSk ﬁ.ﬁl:ﬂ- — i P _____ TASKE 9 COMPLETED -—--- B

. 5 000 AR ‘[Relative ohjective convergence cn
and graphlca"y w oo T “[Number of Warnings = 0 !
E j:m Mumber of Errors = 0 0

I S 2,000 :

visualizing = |
o 1 2 3 4 5 & 7 EBE 9 10 11 E

Design Iteration & ] Il [ ]
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Post Process the Optimization Results

£ Objective Plot [*9: tenbar parallel analysis]
Objective Function History

Plot Objective

/

A
5,000 e ~—e_ /
- ----_"—.— e Y e & i
5,000 - —
—_—
2 4,000 — :
= ¢4 Design Variable Plot [*9: tenbar parallel analysis]
4]
= 3,000 2 . .
g Design Variable History
2,000 "
=] S T T |
1,000 :‘g
{ 2 5 {
0 1 2 3 4 5 ; g == . ¥
Design Iteration @
0 J1s
5 10
i ')
2 51/
U -
0 ] 9 10 11
Design Iteration
;!f Response Plot [*9: tenbar parallel analysi k
. #area_l earea ? +area_d area 4 = area5 o area b - area 7 +\reaf # area 9 e area 10
Response History

200,000 4
175,000 |\,
150,000 1
125,000 { .\
100,000
75,000

\
k
25,000 FELNY B

50,000
o) e 3 . . |
-25,000 /
50,000
-75,000
-100,000  /
-125,000 |/
150,000
175,000
-200,000

Plot Design Variables

Response Value

Plot Responses and

1] 1 2 3 4 5 ] i 8 cl 10 11
Design Iteration

|;I— stress_1 -e stress_2

stress_3

stress_4 —=stress_5

stress_6

stress_7 - stress_E & stress_9 +stress_10|

show the constraints
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“What-1f?”’ Study Tool

Jo] What If Post| m
. L.00 T, e 503
E - — 100
W™ 075 Al 0.95
; a0 0.90 . . . . .
£ oo 0 o Original optimization
r_éi 4,250 .80
=075 4,000 )
= o M50 ;% reSU It
il area_l area_2 ) area_3 area_4 N area_.S - area_f = area_7 area_§ area_9 area_ln-__ % L / 0.65 g
Deslgn Varlakles = Sl 080 O
S 3,000 pf
[m Free o Fixed o Active Move Limit| S 3,750 o
L Z 2,500 0.50 %
§ %250 045 2
o 05 S 5000 040 B
s = — g L8 s e .
M o00 — —_— — 1,500 0.30 N t ‘t
s - —| ew optimization
s 1,000 0.20 I.t
= resu
disp ST str... str... 5T ST ST str... str... str... ST mass 500 0.10
Responses 250 0.05 /
o 1.00 AT, 5,250 100
r_zu 5,000
£ ors 0.95
= 4,750 o
N 050 i 0.85
w 4,250 o
R I th § e o u.?s
e aX e = .. 3,750 :
0.00 .______ .. - o | _ L ____ IR om =
C . = 3,500 =
d | t area_l area_? area_3 area_4 area_5 area_7 area_B area_9 area_10 E 0.65 E
ISp acemen \ Deslgn Varliables 2 3,250 e
1 s 058 3
Constra| nt |m Free o Fixed o active move Limit| g 270 L
= 2 2250 A5
E & 2,000 0.40 g
= M . g L7580 035 "
n S 0.30
2 00 — B . —_— L500
g 1,250 0.25
. = -0.5 1,000 0.20
Run Approximate =
. . . . disp i L str... ST Sl E{p Sl str... mass 500 0.10
Optimization with
0 —L 0.00
n e . B Feasible M Violated Obj W. Constr.
: w constraint - e Bvoate| .
|| Walidate | | Create VisualDOC Task |




Examples
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Problem Description
« LS-Dyna Optimization

Short Crush Tube Impacted by a Moving Wall
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Optimization Problem
* Objective

— Maximize Internal Energy
» Design Variables

— Thickness of the shell elements

— Shape changes of the tube
— Linking to ensure symmetry

Original Shape

Perturbations except S13 Perturbation - S13



VisualScript

« Used to define the interaction between VisualDOC and LS-Dyna

File Edit Tools Help

B &894 Y00 I

Y
L5-Dynha Analysis

End

[ Rpead
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VisualScript

Analysis Element Properties Analysis Element Properties

= = - - .‘; F ¥
@ 9= D@ 9=
Script Definition ] tube.k script Definition 1 glstat
¢ & L5-Dyna Analysiz : 1 2 3 - * L5-Dyha Analysis P 1 2 3 4
i shapewar i 123456780%1 234 56780%1 234 56780%1 234 56780 ¢ shapewar B 123456780+ 23456780%1 23456 780%1 234 56 750 % 1 2 34 56 750
7 : A 1ape | ommw gl e BB e SR S e A B DL S e R
&) Width T ®) Width o| 4594 eroded kinetic energy.......... 0. Q0000E+00
%) Depth || 101 SHEADING %) Depth | 4585 eroded internal energy......... 0, QOO0 E-H00)
%) Beadl = CORNER 4 %) Beadl | 4586 total energy..........eeee..... 3.19631E-+04
@) Beadz | 1039 PID SECID WID EOSI %) Beadz o| 4587 total energy / initial energy.. 5.99801E-01
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VisualDOC
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Results

Short Crush Tube Impacted by a Moving Wall Short Crush Tube Impacted by a Moving Wall

uz

Initial Design Optimal Design
Internal Energy = 10407.20 Internal Energy = 31795.60
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Results

SHORT CRUSH TUBE IMPACTED BY A MOVING W SHORT CRUSH TUBE IMPACTED BY A MOVING W

Tine= @ Time = 0
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Case Study — Turbomachinery System Design

Structural and CFD
nalysis and Optimization

GENESIS / VisualDOC

Blades, Disks, Complete Systems
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Case Study — Turbomachinery System Design

-,

b N, 2
~ . - - TIP/SHROUD L’ 3
T\\»\\\\ Span Lalnzr 100% o ... ).
y (r=5) b Ve
\
/ b !
/L\\ / \
/ | -
3 ‘—.:.‘
HUB &
Span Layer 0%
(r=1) -l—p
ﬁ w2

il
il

The blade geometry is divided into
5 constant radius layers evenly
distributed along the span

(0.00% - Hub and 100 % - Shroud)

At each span layer, the mean
(camber) line is generated using a
4-point Bezier control polygon

Each Bezier Control Point (CP) is
specified as a (M’ ., b) coordinate
pair:

(1 <r<5)- Hub to Shroud Index
(1 <s<4)-LE to TE Index

rls

00
f =atan YT LE Edge Sweep (q,) indicated at
A radial interpolation between the each Span Layer
' airfoils at the each layer to generate
' =| —— |*100 the 3D blade Shape
e S - Fractional distance along the curve (<S5 <1
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Case Study — Turbomachinery System Design
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Objective:

Start |
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GEOMETRY UNSTRUCTURED
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OPTIMIZER
(VISUALDOC)

RESULTS
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PERFORMANCE
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Extract_Solution
MEASURES
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Case Study — Turbomachinery System Design

Blade Results:

 An average of 9% increase in total efficiency was obtained

 Robustness of the approach evidenced in its ability to yield

significant efficiency gains in spite of the noisy objective function.
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Case Study — Engine Head Gasket

2-D Z-Flow engine cooling system (Block, Head, and Gasket)
Objective: Maximize the fluid velocity averaged at 10 locations

Design variables: Holes’ diameter and location (offset from center)
(12 design variables total)

Constraints: Minimum velocity at 10 locations
Analysis: FLUENT CFD program

Velocity_Head_Point_1 ——

- Gasket

Velocity_Block_Point_1

Inlet Velocity
(8.577 m/s)

BLOCK

Vv

< 850 mm
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Case Study — Engine Head Gasket

e GAMBIT (mesher) journal file
parameterization

 Block / Head mesh is unchanged
during optimization

 Hole regions mesh is changed by
VisualDOC using GAMBIT
journal file
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Case Study — Engine Head Gasket

Velocity constraint not satisfied at 2 locations initially

zzzzz

Initial design

Optimal design

thia bRl R e bR R  RREY ]

- 24 FLUENT calls
- Constraints satisfied after 15 FLUENT calls

- Average velocity increase: 20%
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Case Study — Integration with MoldFlow

e VisualDOC has been integrated with MoldFlow’s MoldFlow Plastics Insight
(MPI) software to determine Optimal gate location.

e Optimal gate location will be the geometry that minimizes the maximum
pressure at the end of the filling.
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Case Study — Integration with MoldFlow

Iulesh Thiclmess [1mm]

* The Flat Plate Below is Comprised of Four Different Thickness H I
Regions
* VisualDOC Will Locate the Three Gates so that the Maximum
Pressure at the End of Filling will be Minimized 3.250
Initial Gate Locations o

~

1.7750

—

1.000
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Case Study — Integration with MoldFlow

Optimization Process Sequence
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Objective Function History
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Case Study — Integration with MoldFlow

* During 15 iterations, injector X and Y coordinates for each gate migrated to
plate locations that minimized the maximum pressure at the end of fill time.

e Total 22 analyses were performed for this optimization.

Design Yariable History Design Variable History
200 = 5 e 40
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E K - ¥pos G3 = - & - ypos 63
i =

h k=
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Design lteration Design Reration

* VisualDOC optimization parameters may be set to reduce total number of
analyses to achieve “better” rather than “best” design.

» A better guess for the initial gate locations will also reduce total number of
analyses.
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Summary
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Conclusions

This paper presents a solution suite for complete product design optimization,
namely VisualDOC.

VisualDOC has the capability to wrap design and optimization algorithms
around any ASCII based 3™ party analysis software.

VisualDOC can be used within parallel computing clusters where different
analysis are run concurrently on remote machines. This allows for solution of
large scale optimization problems that involve several computationally
intensive analysis codes.

VisualDOC’s optimization routines have proven to improve product designs
and product design processes.
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