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Abstract @

Structural optimization & robustness is often highly desired
to support product development. Vehicle programs typically
realize significant weight, cost, and performance
Improvements as a result of optimization. Unfortunately, this
optimization is typically very complex resulting in the creation
of highly specialized organizations and engineers that are
capable of performing these analyses. This document
proposes a “back-to-basics” approach to optimization that
has been prototyped in MSC.SOFY. Simplifying the process
to the point where the typical engineer can perform his or her
own optimization & robustness studies should result in better
enabling a Design for Six Sigma development process.
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Current State of Optimization & @
Robustness

Optimization & Robustness process often too complex for the typical
engineer to support.

Vehicle programs need the support of Optimization & Robustness
specialists
Studies are difficult to run analyses without scripting

Proper interpretation of sensitivities requires years of experience (e.g.
how far can a sensitivity be extrapolated?).

Results often challenged for validity. Mathematics often very complex
and difficult for the typical engineer to follow.

Only the simplest design variables are supported (e.g. material
thickness, bushing stiffness, damping, etc.). Many studies go
unsupported due to only a limited number of supported variable types.
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Proposal:

Going “Back to Basics” Z

Instead of relying on complex sensitivity based optimization & robustness,
develop a general tool that generates a CAE model for every data point of

interest, run analysis, and gather results.

Traditional Approach Back to Basics

Model Model
7 ———— :
Analysis Model, Model, Model, Model,
A 4 A 4 A 4 A 4
y =1(x) : : : _
Y = F(x.x) Analysis, Analysis, Analysis, | ... Analysis,
y' = f(x,x',x") *
y = f(x)
A 4
Response Response
Surface Surface

* second order derivatives are rarely used
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Back to Basics — Pros & Cons @

Pros

The typical engineer will be able to do their own optimization & robustness analyses.
Simple to understand and implement.

Supports the creation of a general tool to manage the process (to be demonstrated in
this presentation).

Supports more advanced design changes (e.g. weld pitch, large displacement shape
changes, part alternatives, topology changes).

Results confidence much higher due to fewer assumptions (e.g. linearity assumptions).
Especially effective with discrete variables.

cons

Inefficient use of compute resources. However... this con has been largely minimized
since the implementation of Desktop Clusters (i.e. usage of hundreds idle desktop
workstations).

Only a limited number of design variables can be supported. At this time, around 1000
runs is feasible given a week (given a typical NVH structural analysis).
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A Prototype Tool: @

Fleet Manager

S|
The Fleet Manager was BOBO O 8L B W \EAG MKS @ WM
) EERz 2w D0 e @SSO ee w7

prototyped using RADE. It CECT TS _ |

has.sgppc.)rted several e

Optimization & Robustness s
projects that traditional -
approaches would have pa—

1&5@@}:&@

struggled with.

li'

=T

B yourgemodui Pad Moduba 120 1ESE00 DABN0 3 207000

T yourgemodis  Pan Module T8) 165600 2400 ] 00 *|
Gl | DOear {5t Blase Shane|{Show fase Shapel] AddCharge || DOEDSA || wsr || w0 [ B | e
T T L | [ = ]| Fimt ]| Dorm [ Dt ]

Note: The name Fleet Manager came from the idea of creating a “Fleet” of CAE models that represented manufacturing
variability. Although originally created to estimate manufacturing robustness, it has grown into a general purpose
Optimization & Robustness tool.
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Fleet Manager Supports both @
DOE & Direct Optimization

DOE Direct Optimization
| 7 PERL

~

~ T ~

- v N\
Optimization MSC.SOFY Optimization
in Server Mode

\_ Manager/ \ J K Manager /

Huntington Beach, California



Design Changes Supported @

Some of the more important design changes.

Shape — very effective when used in combination Enter Type of Changs...
with Morphing! : g:;;:' I
Part Gauge - Material Thickness e
Part On/Off & Element Alternative — Supports e
design alternative studies. ©. Pat Youngs lioduus
Connection On/Off — supports a weld 8. Property Attibue
manufacturing robustness study. T e e e
Weld Pitch —weld respacing [0 |
Property/Part Attribute —change any attribute that Ok |[ Conedl |
SOFY supports.
-

Note that all these variable types may be mixed
within the same study.
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Creating the DOE

Once the design variables are established, the

Erter Type of Qutput ..

next step is to create a DOE matrix (or create . Caned
SOL200 DSA cards). 1. Lain Hyperoubes

3. Random

4, DSA
5. Bxtemal File

Fleet Manager supports a variety of simple DOE g |
matrices |
Latin Hypercube
Main Effects (One at a time)
Random (for Monte Carlo)

DSA (will export MSC.Nastran DESVAR cards
for those support design changes such as
shape and properties variables

External (ability to import a DOE matrix from
another source such as Minitab, iISIGHT, or
Insight)

Cancel ]
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*  DOE Iterations

Once a DOE matrix Is CreatEd, Gauge 118 |Gauge11? ‘Gauge 143 ‘Part Modulus 103 |Part Modulus 117 |Part Modulus 118 _
th e userm ay review an d [ R1 | 0300000 0863333 | 0400000 233333333333 | 1GGGE6.666667 | 165666 GEEGET
) R2 | 0633323 1196667 | 1066667 233333333333 | 100000.000000 | 233333333333
pOte ntla”y make any necessary R | 0.966667 0863333 | 0400000 | 100000.000000 | 100000.000000 | 166666666667
wn R4 | 0300000 0530000 | 1066867 | 166666666667 | 100000.000000 | 100000.000000
C h an g €s. Th e user m ay al SO ) RS | 0.300000 0863323 | (0733333  1GGGEG.GEGGE7 | 16GGEG.GEGEE7 | 1G6G66.GEEGE7
se | ect a row ap p |y al | C h an g es e) RE 0300000 0863333 | 0733333 | 166666666667 | 100000.000000 | 166666 66667
) @) R7 | 0966667 1196667 | 0733333 100000.000000 233333323333 | 233333333333
ap p I | Cab I eto th at run to th e > < R8 | 0.966667 1196667 | 0733333 | 100000.000000 | 166666666667 | 100000.000000
~ R9 | 0.966667 0530000 | 1066667 233333333333 |233333333333 | 233333333333
SO FY d atabase . o R10 | 0633223 0.863323 | 0400000 |100000.000000 |233333323333 | 100000.000000
RI1 | 0633333 0530000 | 1066667 | 100000.000000 | 100000.000000 | 233333333333
c
R12 | 0.300000 0530000 | 0733333 233333333333 | 233333323333 | 233333333333
T
. R13 | 0633333 0530000 | 1066667 | 1GGGEG.GEGEET | 1GGGE6G66667 | 233333333333
If deS| red; the user may save a-” R14 | 0966667 0530000 | 0733333 | 166666666667 |233332333333 | 166666 666667
runs | n one CI | C k (lf th ere are 1 OO \ R15 | 0633333 0.863333  0.400000  100000.000000 | 166666.666667 233332333323
runs, the Fleet Manager will save
100 m Od e|S) ) Save tterations in ‘u"olurne"Save lterations in Files“ Sawve Curment ][ Exit

Save all models
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Solving the “ Storing Many

Models Problem”

Efficient model storage is essential to the success
of the Fleet Manager. Storage of 500 models at
50 MB comes to 25 GB!

Fleet Manager leverages the UNIX commands
associated with RCS (Revision Control System),
which was created to manage multiple versions of
software code. RCS efficiently stores many
versions of a file by only recording the differences
between one version and the next. This proves to
be extremely efficient for the purposes of storing
many CAE models.

Example Shape DOE
Baseline File Size:

17.6 MB

27 lterations w/o RCS: 475 MB
27 lterations with RCS: 20.3 MB *

For RCS, it took 17.6 MB to save the first run, and
2.7 MB to save the other 26 iterations. In most
cases, RCS does even better.

MSC A SOFTWARE.

 Tord

Example RCS File - UNIX

RCS file: testing.dat,v;
head: 4.0
locks:

access list:

symbolic names:
comment leader: "
total revisions: 5;
description:

Sofy Changer Manager

Working file:  testing.dat

selected revisions: 5

revision 4.0
date: 2003/04/08 13:48:07;
Iteration 4

author: bhufl; state: Exp; lines added/del: 1391/1811

revision 3.0
date: 2003/04/08 13:47:53;
Iteration 3

author: bhufl; state: Exp; lines added/del: 1810/1490

revision 2.0
date: 2003/04/08 13:47:38;
Iteration 2

author: bhufl; state: Exp; lines added/del: 1490/1400

revision 1.0
date: 2003/04/08 13:47:26;
Iteration 1

author: bhufl; state: Exp; lines added/del: 3043/7

revision 0.0
date: 2003/04/08 13:47:16;
DOE Matrix 4x10

author: bhufl; state: Exp;

Huntington Beach,

California



Job Submitting & Response @
Recovery

A PERL script was written that can submit all models within an RCS
* v file. Analysis jobs will be routed to unused workstations or placed
Into a queuing system (manage by a cluster).

Special care needs to be taken when recovering results from the
solver. Only the most important data should be written out & kept.

The most general way to extract response variables from all the runs is
to use MSC.Nastran sol 200 and create a DRESP for each response of
Interest (e.g. max displacement, max stress, frequency, etc). Another
PERL script has been created to extract NASTRAN sol 200 responses
Into a table (given a many .fO6 files).
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Example Scenarios @

Morph driven shape optimization
Adhesive optimization

Weld pitch optimization

Shape and stiffness optimization
Design alternatives
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Morph Driven Shape
Optimization

 Tord

SOFY/NASTHAN [/ford/ae0236/u/bhufl/pub/fleet/d219—weld/model.sof] — [Main Can

Three vehicle level shape design

File Edit Ontions

Custom BETA Help

Display Geometry  Mesh  Mode Element LCS Part BC Cobn

Utilities  Results Modulez SPRINT  Ford

00 5| x|

Dsael- - [38 =al=x & |R5oaoF

=

' ; e I/ e®-B Y w00 K S i s [ N
variables were created using EEEs s
Domain Morphing; =5 Ersve e ve | @B T S5

Clone [Curr

Type Fart -

Front Header X (windshield angle)
Roof Z (Roof Height)
Rear Header X (backlight angle)

Views | scenes |
5 | 5 4| Del | L view |

Flan -
Eottam

e, Right Sicle

All three design variables can be =

ad] USted SI mu ItaneOUSIy' 3 1 |shape Front Header X -300 200 5 0
— |[2_[shape Finof 2 300 Boo) 5 o
3 |shape Fear Header ¥ -100 300 5 0

Clear

| Set Base Shape | Show Base Shape | Add Change | DOEDSA

MSC California
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Approximately 50
adhesive strips were
studied, resulting in
around 200 model
iterations.

An Excel surrogate model
was then created to
optimize the placement of
adhesive.

MSC

:
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-
SOFY/NASTRAN [/ford/ae0236/u/bhuf1/pub/fleet/choi/model.sof] — [Main Canvas]

A Weld pltCh deS|gn Varlable = Create a fleet of CAE models ‘ ‘tﬂ

T 1 |weldpitch ‘Weld Fitch 274 20 100 2 41

will re-generate all the welds B Tt — o

3 |weldpitch Weld Pitch 259 20 100 g 46

t- I I d I 1 T h 1 4 |weldpitch Weld Fitch 260 20 100 2 45

O n a p ar I C u ar We I n e L IS 5 |weldpitch 'Weld Fitch 262 20 100 2 39
B lweldpitch Weld Pitch 263 20 100 2 39 LI

supports the usage of any [ e e o e s [ osen | ez | w0 | ex b
type of spot elements (e.g. o
Mesh Independent Solids or
RBEZ2'’s).

Views | Seenes |
5 |5 ésl Del | Lview.
Flan -

1 Bottam

ol Left Side fron
+e, Ficiht Sicle
i Front

|

Fick tenu

Set Weld Pitch 256 to 30 ;I v oo V1D v 2D ¥ 30
Set Weld Pitch 256 to 40
Cutrent Canvas View Manip—> Windoy ¥ Figiet LS R Geom [ LI hiadd

Click 3rd Button to Start Zoom _1 FE-Grafix + | Geom-Grafis~ | FE-Qual ~ |

| Expression or lds: Elllck 3rdd Button agaml to End Zoom (= * A | e | Bewv. ¥ | Bick
" I_F— 4 » Win. Zoom v| Rich STyl | I e =
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The vehicle program wanted
to understand how a body-to-
chassis attachment point
affected a full vehicle noise
response.

Both shape and bushing
stiffness were studied.

MS&SOFTWARE@

BOFYNASTRAN [MTord faelZ2 36, u/bhu 1 puby/mounin /w222 T1_U222_AP2_LEVE_Trim_Fr

Fie Ed! Dobors [Diwlw Gewsby Hesh Hode Beswed LC5 Pul BC [oon Ubtes Brlls Moddey SPRINT Custom
BETA Ford Heip L

DSae -~ - |gBlaa s 3 [pauoaon
BeeH O hE-" 3B w(x XA G P4 S 1 s M-
(5] = | (= v _

M=5H BncsoE Be e e | & mE g T S

Dirs four

caradbribade Burshineg St ¥ | 1000
caradbribade Burshing St v I

| Do | et Buse Stapn | S B rape | e Crange | BoeOga | wise |
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Design Alternatives

. . SOFY/NASTRAN [/ford/ae0236/u/bhufl/pub/fleet/choi/model.sof] — [Main Canvas]
Here S a Slmple example Of the recently File Edit Ontions Display Geometry Mesh MNode Eement LCS Part BC Conn Ufilities Results Modules SPRINT - Custom

. . BETA Ford Help Q0 _|8| x|
added Element Alternative design DEuss = B8 al== [t n0a] 6k
variable. [$e§D| O @®-R B w|rZEG X S i s F- B

| SIS 0w
_ _ _ EERICEE G -RE T L A=
This supports discrete design changes e

Type Fart -

that can represent topological changes.

H H - Fst||=215F = = +| -
In this case, two design variables were T
created:

%

[E

il
i
%
d

i
b
i
()

A
|

Flange Alternative has 3 levels — no =
flange, small one-element flange, and full TR
sized two-element flange. .

Bead 1 has 2 levels — with and without a

y
o
!‘riﬁ
(

W
)
§
gn
‘\Q‘

i\
N
‘ [,
\s\,g\g
Ny

i
“
]
R\

2

4
7
LPAI
(e
\t‘#

bead . e d
~| Create a fleet of CAE models | |
B 1 |alternative Flange Alternative |1 3 &) 1
2 |alternative Bead 1 1 2 2 1 ;I
- Ex_ Clear | Set Base Shapel Show Base Shapel Add Change | DOEDSA | MISC | 1fa | Exit | n
I_ . [ T g [ AR [ s | _Flest | Dore |‘ Exit I
———————/— |
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Challenges @

Although usable, the Fleet Manager needs to developed
Into a production ready tool.

PERL scripting was used for both job submitting and
response recovery. This functionality should be built into
our Job Submitting and/or Optimization tools.

We still need help from the optimization expert to develop
the DOE matrix.

Creating the surrogate model takes took much time and
often requires the support of an optimization expert.
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