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Outline

* (Genesis
— SIMSAC — CEASIOM
— OPTOM (optimization needs application in batch mode)

« Searching for common format of data

 Tools included in MADO

— our code:
« PANUKL
« SDSA
« OPTOM

— external code
e XFOIL
e CALCULIX

 Conclusions
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Genesis

* In the beginning there
was chaos
e after that was SImMSAC
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Genesis

—» The vision

1
represen- e mmmmTTTTTTTOOTEEETTTTTTT
tation verification in -
fidelity flight tests
flight testing:
/ ) o - improvement and
,' higher fidelity verification of data,
" eg. aerodynamic data
! earlier
verification in Classical approach
ground tests
ground-facility testing:
- design improvement,
- design verification,
- data-set generation.
0 product definition product development

- time

Idea of SIMSAC
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< Advanced CAD \/ CFD:

Systems VLM, DLM, 3
Edge/lvisc. |
RANS AIRCRAFT DYNAMICS

Stiffne NeoCASS:
q = Beam, plate
Sl VLM, DLM
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ldea of MADO

OPTIMIZATION
ALGORITHMS

AERODYNAMICS

/ 3 MU N K (inverse problem)

| - Mass module
(VLM - Cx, G 7 oEl

STABILITY & C
PERFORM
SDSA

STRENGTH ANALYSIS
FEN

=
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Multidisciplinary optimization

variables

Estimated
mass

Airplane
Geometry &
Flow Parameters

Performance &
Stall constrain

Mass correction

Optimization Algorithms

Stability
Constrains

Strength analysis

Dynamic stability analysis

Data flow In
MADO
(Multidiscipli
nary Alircraft
Design and
Optimization)
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Main problems

 common language for data flow

* most of application require interaction:
— geometry (CAD systems, AMB, etc.)

— grid preparing (preprocessors of CFD
packages: VSARO, MGAERO, PANUKL)

— FEM analysis (CalculiX)
— Stability analysis (SDSA)

4th Symposium on
Collaboration in Aircraft Design



/

Menu CREATE
| Creat grid file

MODEL

result file

> test_1.f
X NACA_0009.prf

input file

Menu CREATE
| Creat grid file with neighbours |save

result file l

input file ‘

Menu CREATE
|_Compute doublet distribution |save

airfoil geometry
definition

fuselage geometry
definition

complete aircraft
—® definition

—p result file

please
wait !

input file

Menu CREATE
|_Compute pressure distribution |save

. PANUKL - stages of analysis

(output files)

_.[

RESULTS ]

A 4

MODEL
test 1.out <
test_1.txt <
<+
J

test_1.eps
downwash angle \
results (optional)

results for pressure coefficient,
velocity, source or

test_1.ngh

configuration file

doublet distribution etc.
for each panel of aircraf body

global
aerodynamic
results
test_1.par
configuration file
\
test_1.prs
configuration file )

gféwne okno graficzne

http://www.meil.pw.edu.pl/add/ADD/Teaching/Software/PANUKL
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PW Zoom - currently in Antarctic
(MONICA project)
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Wings from sections — similar to CPACS

| 1] —

T T S s e »Iindependent” wing
WA NN RN creation method
(section 1) rib No. 0 N R e LR\
(defined by user on symmetry plane) M\ N\ NN\ N\ N N\ NN models symmetry plane

stringer, that intersects
wing leading edge

(section 2) rib No. 2

rib No. 1 generated in program T~ \ NN (must be defined outside the
(intersection of fuselage and wing) A — Y / : fuselage area)
OIS |
‘ ‘ o : section 3) rib No. 8
generated wing ribs % gy ( (defined )by user)
according to the distribution selected by user &

Airfoils are defined in separate files — four different formats are accepted (xfoil, koo, prf2, prf4)

4th Symposium on
Collaboration in Aircraft Design



Fuselage creation — similar to CPACS '~

Numbering order:
Symmetry plane for model - frame/ section def. points,

z - frames/ section,
- stringers.

frame/ section - 4

‘stringer No. 7 |~

...___:1‘ | |
"\“ ‘ -l
i lae

" stringer No. 8

| = 1
frame/ section =0/

L 'stringer No. 6

3 - stringers

point No. 1
stringer No. 0

Fuselage geometry description
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&~ Configuration files editor

Ms2editor

=l B3

InputiCutput file [*.ms2) |C.‘.Ducumenls and Settings\tgrab\PanukiProjects\Beel\datiBee.me2 Browse... ‘

Narme of grid file [*.inp] |Bem

Search directories

Name:

FAUVEL

Airfoils

Beel.dat -

Beel.dat
BeeZ.dat
Beeld.dat
Beed.dat
Bee5.dat
Beef.dat
Bee7.dat
Beed.dat
Beed.dat
Bee10.dat
Bee1l.dat
Beel12.dat
Bee13.dat
Bee14.dat
Bee15.dat
Bee16.dat
Bee17.dat
Bee18.dat —
Bee19.dat
Bee20.dat
Bee21.dat
Bee22.dat

Bee23.dat [~

L ~
& Symmetrical object Alrfoil ‘Bee2.dat GOETTING ||
€ Right half Create as: | Master v Chord: [0 4057 :gRTEN
& Left half WH
Closing rib type: |No rib = i WIXED
WMVA
Wing surface: |All hd Conr % lo.0182 | N
- MNACA
Compute wing-fuselage intersection T MNCEP
RAF
Defined RG
No: 0 Bee(.dat RITZ
sD
SELIG
Wi Sl
0 No 3 Bee3.dat SIMPLEX
No 4 Beed.dat TSAGI
No 5 Bee3.dat WORTMANN
No 6 Bee6.dat XFOIL
o 7 BeeT7.dat [=1 XFoil directory
M 2 Baaf Adat out
User library
¥ Active & &% Custom location i
— ] + |

C:\Documents and Settings'tgrab\PanuklProjecis\Bee\Profiles\Beel.dat

Options...

Cancel oK

£ '
““‘1 ‘= il
I

AN i

s
Sy f
Al

Grid from: Bee.dat | Number of panels: 2480 | Reference values: 5= 0.10 B= 0.45 MAC = 0.281
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MS2 and CPACS comparison

-

MS2 CPACS
<rotation>

Xrot <X>

ert <y>

ZIot <7>

wing-fuselage paneling:

t)
master/slave/independent '
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WINGS

MS2 CPACS

wings with chord paneling
wings without chord paneling

master/slave/independent
surface - all/bottom/top

twist point

chord type paneling flag (int)

fus logeron-wing intersection
cut/glue wing to fus flag (bool)
wing span paneling type (int)

airfoil coordinates file name =name:

il



modules:
— root
— line

— equi.line

— arc 4th Symposium on
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Up contour

Convexity curve
up/down

lBend angle
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Nacelles (as wings) y

Swirl Up

Swirl Down

4th Symposium on
Collaboration in Aircraft Design



Examples of
advanced
meshes
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Innovative airplanes mesh in 2

CPACS
MS2 CPACS
Module Based on —)
i XML
structures sections — <«

One direction export.
Is It satisfactory solution?
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CalculiX

- Stress
- Deflection
PANUKL - Other
- Geometry
- Pressure
distribution - Loads
- Constrains
- Material
- Other
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Export to CalculiX

=
*Ims: |C:1MinG'u“-J'Lm5y511 OthomewmnielochiPanuklProjectsidatloinvingMain.ms2 Browszea. .
Load W *tat: |C:1MinG'u“-J'LmsysI1 MhomeimielochiPanukiProjectsioutdoiningtt | EI rowse..

CUT LEE | BOUNDARY | MATERIAL | ORIENTATION | SHELL_SEC | QUTPUT

Export case seftings ™

WallLE | wallTE | Ribs | Skin |

*ZEC WallLE Upliing 20 el
v ELZET MAT OR TH

] WallLE 0O Mat 0 0.oo1

1 WallLE 1 Mat 0 0.oo1

2 WallLE 2 Mat 0 0.oo1

3 WallLE 3 Mat 0 0.oo1

4 WallLE 4 Mat o 0.001 [
a WallLE 5 Mat 0 0.oo1

3 WallLE & Mat 0 0.oo1 f)

7 WallLE 7 Mat 0 0.oo1 C PA CS f

a WallLE # Mat 0 0.oo1

| WallLE 9 Mat 0 0.oo1

10 WallLE 10 Mat 0 0.oo1

11 WallLE 11 Mat 0 0.oo1

1z WallLE 12 Mat 0 o.oo01

13 WallLE 13 Mat 0 0.oo1

14 WallLE 14 Mat 0 0.oo1

15 WallLE 15 Mat 0 0.oo1 v|
4| vl
™ Shell Fuselage Shell Mesh & Yolume Mesh €

Export | Cpen File | Save File Close |

Collaboration in Aircraft Design
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SDSA architecture

Interface CPACS-SDSA SDSA

H Aerodynamic
coefficients

Mass & inertia

Common
language
(CPACS?)

ht Propulsion

Geometry

Misc.

y
Linearised model — eigenvalue analysis }
N
4 Y
[ LQR based FCS J Modes of motion - FOM}
Y 4

LNonIinear model — simulation — time history analysisJ

Performance W

|

SDSA Output
(CPACS?)
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) OptoM - Gradient Based

File Optimization

Help

1

9

la
23
30
37
44
53
60
&7
T4
gl
&a
96

ter F_exe

F
267.620 File b
1o Optimization »
4.666

4.406 Help 4

3.767 L
3.189 Initialize Ctri+l

2.771 Sover >

2.651 Gradient 3

2.344 ]
1.833 Monte Carlo Shift+Ctri+M

1.357 Genetic Algorithm 3
1.082 Swarming Shift+Ctri+3

0.708 —
0 623 Stop Criterion Cir+C

0.537 Flags Ctri+F

0.468
0.2492 o Iesler Ctri+T

0.154
0. 127 < Monte Carlo Ctri+M

0.057 < Genetic AlgorithmCtri+A

0.023 [
0.012 © Swarming clri+S OptolM Version: 4.1

0.002 Compiled: Apr 12012
0.000 Copyright (C) Jacek Mieloszyk
0.000

0.000

Start of optimization: Sun May 27 11:25:19 2012
End of cptimization: Sun May 27 11:25:20 2012
Total time of optimization: 0.0166667min

Iteration: 10/30
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MADO — MAV optimization J\/JE(

Iteration 0

The worst in population The best in population



Geometry for
optimization




MADOQO - Airfoil optimization 7]
external application - Xfoll

Optimization of airfoil NACA 23012 for mini UAV (Re=200000)
Fogy = 1/C, , variables: max. thickness, max camber, Xg, X¢

Applied algorithm — Monte Carlo

Iteration 0



Open problems

« AMB->CPACS->SDSA interface
(AMB->SDSA already exist!)

 PANUKL->CPACS->SDSA interface?
(PANUKL->SDSA already exist!)

 output from stability analysis (SDSA)
included in CPACS?

 outputs from other applications?

« CPACS code to input/output
(read/write) the XML structure !!!
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Thank you for attention
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