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Cxembl nHTerpaumm I0SO ¢ ANSYS WB

A. UHTerpauua 10SO B nHtepdenc DesignXplorer naketa ANSYS,
Kak ACT (Application Customization Toolkit) pacwmpenmne ANSYS Workbench.

5. UHTerpauma I0SO c npoektamu ANSYS Workbench B HacTponkn npoekTa
|OSO B BMAE cneunann3npoBaHHOM PacYeTHON MOAENN.

NpenmyulecTtsa

* 6bicTpoe 1 3pDPEKTUBHOE peLleHNne MHOronapameTpUYecKkmnx
MHOTOKPUTEPMAIbHBIX ONTUMMM3ALMOHHbIX 3343ay;

* pelweHne oNTUMMU3ALMOHHbBIX 33434 B pacnapasiieNeHHOM
pexunme;

* BO3MOXHOCTb OCTaHOBKM pacyeTa ONTUMMU3ALMOHHOM 334a4M U
ee AasibHenwee Npoao/IKEHUE, B TOM YMCNe C UBMEHEHHOM
NOCTaHOBKOM

* BMW3ya/M3aUUA Pe3yNbTAaTOB ONTUMM3ALUMOHHbBIX NCCNeA0BaHNM
B NpoLecce pelweHuns;

* Honee ynpoLeHHOE NCNO/Ib30BaHME npoueayp oNnTUMM3aLmn
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Cxembl nHTerpaumm I0SO ¢ ANSYS WB

A. UHTerpauma 10SO B nntepdeiic DesignXplorer naketa ANSYS, kak ACT (Application
Customization Toolkit) pacwmnpenne ANSYS Workbench.

ANSYS Workbench MpenmyuiecTtsa
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Cxembl nHTerpaumm I0SO ¢ ANSYS WB

A. UHTerpauma 10SO B nHTepdeiic naketa DesignXp;orer ANSYS, Kak ACT (Application
Customization Toolkit) pacwmnpenne ANSYS Workbench.

ANSYS Workbench , 3
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A - B - C . .
T S 7 Method Name TNSO Optimizer
@ Geo %2 @ Mocel 2 @ s . : :
3 3 Pasret = T ] #erTIM Algorithm Settings
cometry 4 U3 Parameters pl-A : X
comemy — ) Optimization Algorithm | Normal |
0 Work Mode Inside _'_I
59 Farameter set | me2“mum number of
50N
B iterations !
Solution accuracy 0.001
2 (5 Design of Experiments Y 3 Constraints accuracy 0.001 =
3 [ Response Surface v .

4 g} Optimization Ea

Optimization Algorithm: Tun anroputma ontummsauymm:

l X . —O4HO 3Ha4YeHne NapameTpos o o
i -Normal — 0bbl4HbIN (HENAPAN/IENbHbINA) aNTOPUTM

ONTUMU3ALUN;
1050 - Parallel —

optimization

Work Mode: TMn pexknuma paboTbl paclunpeHums:

Inside — obblYHaAn npaman ontummnsauma DesignXplorer ¢
ncnonb3zosaHmnem |OSO onTummnsauymm;

Outside Result
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Cxembl nHTerpaumm I0SO ¢ ANSYS WB

A. UHTerpauma 10SO B nntepdeiic DesignXplorer naketa ANSYS, kak ACT (Application
Customization Toolkit) pacwmnpenne ANSYS Workbench.

ANSYS Workbench
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Cxembl nHTerpaumm I0SO ¢ ANSYS WB

A. UHTerpauma 10SO B nntepdeiic DesignXplorer naketa ANSYS, kak ACT (Application
Customization Toolkit) pacwmnpenne ANSYS Workbench.

ANSYS Workbench , 3
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Inside — obblYHaAn npaman ontummnsauma DesignXplorer ¢
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Cxembl nHTerpaumm I0SO ¢ ANSYS WB

b. UHTerpauma 10SO c npoektamum ANSYS Workbench B HacTpoiku npoekTta I0SO B BUAE
cneumanm3vpoBaHHOM PacyeTHOW Mmoaenm.

IOSO optimization
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Cxembl nHTerpaumm I0SO ¢ ANSYS WB

b. UHTerpauma 10SO c npoektamum ANSYS Workbench B HacTpoiku npoekTta I0SO B BUAE
cneumanm3vpoBaHHOM PacyeTHOW Mmoaenm.
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[Mpumep adpPEKTNBHOCTN peLleHns onTUMU3aLMOHHOW 3adauun

Lenb Onpenenntb reomeTpuyeckme napameTpbl geTanun, obecneympatrome noayvyeHne MMHMMaAbHOM
Maccbl Npu Ko3ddnuUneHT 3anaca He meHee 0.25

o . . . . .
ANSYS. Single objective optimization |OSO onTMKM3aumsa
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OcHoBHble ocobeHHocTM IOSO TexHonormm onTuMmM3aynn

» BblCOKasA 3pPEKTUBHOCTb PELLIEHMUA MHOTOKpUTEPUanbHbIX (4o 20 Kputepues)
MHoronapameTtpuuyeckux (40 100 nepemeHHbIx, 100 orpaHMyeHuin) 3a4a4 oNTUMMU3ALUMNY;

» MNPOCTOTa UCNONb30BaHUA aAanTMBHbIX Npoueayp I0SO onTUMM3aLUM U OTCYTCTBUE
Heob6X0AMMOCTU UX HACTPOMKU - He TpebyeT OT Nosb3oBaTesiel 3HaHUIM B JaHHOM

npegmeTHon obnactu;

» HU3KUE BpeMeHHble 3aTpaTbl Ha MOUCK
peweHuns (Konmyectso obpalleHuin);

» YCTOMUUBOCTb K C/IOXHOM TOMNOJIOTUN
ueneBon PpyHKUMKU (HEBLIYUCNAEMOCTH,

HeanddbepeHUMpPYyeEMOCTH);

» BO3MOXHOCTb pacnapanfieMBaHus
npoueayp onTUMM3aLLMK, NO3BONAIOLLASA
3HAYUTENbHO COKPaLLaTb BPEMS peLleHus
«TAMENbIX» 334aY;

» YAANIEHHbIN A0CTYN K BbIYUC/IUTENbHBIM
pecypcam

/

Bnems

Konunyectso nepemMeHHbIX




@ S ANSYS

CpaBHeHune 10SO anroputmoB ¢ GA Ha M3BECTHbIX TeCcTax

Belegundu ¢ Belegundu c
orpaHuyeHnamm 100 i orpaHuyeHunamm 500 i
% 10 10 WCTOUHUK:
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e 4 J 8 8 SBaIaggame, RéRl.), anMd C:)nystaDn\tls, E.W.
& A (1994).

6 Multiobjective Optimization of

—G # ° LamtinatjedtCeranfitc Comtposites Using
i 4 4 Genetic Algorithms. In Fifth

AIAA/USAF/NASA Symposium on
Multidisciplinary Analysis and

0 AIAA. Paper 84-4363-CP.
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% i Optimization, Panama City, Florida.
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TouHoe pewerre @ 10SO_100 A  GA_100 Tounoe pewenve @ 1050500 4 GA_500

Quagliarella 100 i Quagliarella 300 i

TouHoe peweHne @ 10SO_100 4 GA_100 ToyHOe peleHne @ 10S0_300 A— GA_300

'Y ap |

QMA A

Herounnk

Quagliarella, D. and Vicini, A. (1998).

Sub-population Policies for a Parallel Multiobjective

Genetic Algorithm with Applications to Wing Design. In

1998 IEEE International Conference On Systems, Man, And

Cybernetics, pages 3142-3147, San Diego, California.

4 Onucanune zanaum
HaiTi Takon oF

3 fl(fupt)=m1n|:f1(.?_)= ’ﬂ]
legd
2 fg(fop,)=min|:f2(;?)= (%}

1 rﬂem;ls
A= 3|5 2 -10-cos(2 - (x)) +10]
i=]

¢ = (e Fmd o6

1.00 2.00 3.00 4.00 5.00
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npu cobniogenun yenoeuii: —5.12<x; £512, i = Lm
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|OSO anropntmoB oNTUMKU3aLUN
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- Task
Task_Copyl Anroputm: (@) 10SO
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MapameTpel
[ ] MakcumaneHoe BpeMs peluesuA 3amaum: |1 0 3 |,qr—|e|?| |U = |‘-IﬂODEI |U : |M“H)"T
[ MakcumaneHoe konuuecteo utepaunii:
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“mne'::em““ 3apaHHoe konuuecTeo MNapeTo-oNTHMAaNEHLIX PELUEHHIA: 20 E
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vl
;| Onpenenexne napameTpos anroputma

31 (I0SO — He TpebyeT cneymnanbHbIX 3HAHUIN B TEOPUA
MeTogoB onTumMmu3dauun. Belbop HacTpoek anroputma
NponcxoguT aganTUBHO aBTOMaTUYecKku B

3aBMCUMOCTM OT TOMOMNOIMK LieneBon PyHKUUN)
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X MpocToTa ncnonb3oBaHUs

|IOSO anropuTMoB ONTUMM3ALIUN

i Scheduler Properties - 4.0 b20080131 &
. . » . e [ Optimization Wizard = FMOGA- =7
: - | Scheduler based on the Multi Objective Genetic Algorithm (MOGA-II) designed for fast
4 schedulers @7 | convergence.
@ DOE Sequence
& MACK Main features
1) Supparts geographical selection and directional cross-over.
] Basic Optimizers @ 2) Enfarces user defined constraints by objective function penalization
& SIMPLEX 3) Allows concurrent evaluation of independent individuals
@ B-BrGS The n (number of individuals) entries in the DOE table are used as the problem's initial
@ Levenberg-Marquardt .
population
@& MOGA-I op "
& ARMOGA arameters
_Number of Generations [1,5000](100
H Advanced Optimizers @ |~ i |Probability of Directional Crass-Over  [0.0,1.0]0 5
@ MOSA Probability of Selection [0.0,1.0]/0.05
& NSGA-Il Probability of Mutation [0.0,1.0](0.1
@& MOGT = RSM Parameters
General |\mnab|es'| cmmms| 0b|etlhes| @ MOPSO K-nearest Designs [1,30]4
- ) - s | ¥ FMOGA-I J Semivariance Exponent (P) [1.0,3.0]1 2
Optimization Technique: | NSGA-I W @ FSIMPLEX Probaility of Virtual Designs (V) [0.0,1.0]/0 5
P Evalution Algorithm Constant hd
Optimization Technique Description “H Evolution Strategies @ 2 |
_ | = Advanced Parameters
NSGA2 - Non-dominated Sorting Genetic Algorithm i I;PE;’ES | [DNA String Mutation Ratia [0.0,1.00]0 05
Eliti Enabled
Classification: @ MMES o e i
Randaom Generator Seed [0.999] 1
® Multi-objective Exploratory Technigue [ camiantial Auimdratic Dromrammina @ |
X Problem and Design Space: [Run Options | RSM Options | MORDO Optians |
® Initialization Mode Random @ Well-suited for highly non-| desi = RUn Optians
; ’ T ell-suited for highly non-linear design spa
B Initalizatien Filenarte fundefined . ) & Well-suited for discontinuous design space| | [Mum. of Concurrent Design Evaluations 1
D Use fixed random seed Save Error Design in DB v
CPU Resources: Evaluate Repeated Designs [v]
Execution Options 53y I ]
D Execute in parallel A  Notwell-sulted for long h i Evaluate Unfeasible Designs v
Clear Design Dir an Exit Always v
Restore optimum design point after execution Gradient.Based: No
v'| Re-execute optimum design point CK Cancel Help
pl gnp Features: l J | J | |
[[] use automatic variable scaling Each objective is treated separately and a pareto front 14"
constructed by selecting feasible non-dominated
Advanced Options.. | »  desions
[ ok [ cancel |[ appty |




@ SYCMA
CHWXeHne aspoanHamMmmuyeckoro conpotueneHus J1A

Geometry
module
Geometry Mesh Pre-processor Wing airfoil
— Interface Generator Solver
Post-processor e —_—
Configuration Volume |, Drag Coefficient J 1 -8 m i I I io ns n Od es tOta I

(52 Parameter Set : ) '_ I e P W HTH T
I0S0O
optimizer

» Mesh generator: ANSYS ICEM CFD (scripted)
» Solver: ANSYS CFX
» Optimizer: |I0SO

GT.AEM> H.Arees, A.[1aBneHKo



AN ANSYS

CHWXeHne aspoanHammuyeckoro conpotumeneHus J1A

Cp Baseline configuration

2.000e-001 M=1.8

Optimized configuration

Weaker suction

1.000e-001

0.000e+000 YMeHblueHune
MHTEeHCUBHOCTU
-1.000e-001
CKa4Ka

-2.000e-001

Suction area

CD,
0.025 |

0.02 | -

w1
0.015 |
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0.01 | . ____® - -m - - Optimized
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< LIATV/I——— H.Arees, A.NaBnexko ,




@ U MA ANSYS

[loBbilleHne agpdekTnBHocTn [ TY

Llenn 1 3a4a4m nccnegoBaHua:

|
|
COBEpPLUEHCTBOBAaHME CcTaunoHapHon ITY D) : @ > =
|
Tmna TK-10-4 nytem pa3paboTku u | ._ ,{éj
peannsaummn MeponpuATMn OOBOAKM U : L N

MoAEepPHM3aLUMM NpoToyHOoM Yactn OK ¢

npumeHeHnem CoBpeMeHHbIX
NPOrpaMmMHbIX KOMMNJIEKCOB.

PewaTtenb: Ansys CFX

Ontummzauma reometpmm HA 4 ctyneHun

OK ana aByx pexmnmax paboTtbl ans
HaxoXKAeHuAa npodunen, paboTatoLimnx B
LUMPOKOM AMana3oHe Yr/10B aTaKku.

O.B. Komapos, B.A. CedyHuH, B.J1. bniuHos, A.A. PawenkuH
Yo®Y um. B.H. EnbuyuHa, 2. EkamepuHbypa



AN ANSYS

[ToBblieHne adpdpekTnBHocTU ['TY

OnTnmmsauuns reomeTpum
HanpaBnsoLero annapara
nocnegHen ctyneHn OK nossonuna:

- CHU3UTb 3aKpyTKa NoTOKa Ha
BbIXO4€E N3 KoMnpeccopa 1 A0CTUYb
bonee paBHOMEPHOro pacnpeaenenms
yrna Bblxoda noTokKa rno BbICOTE
MEXITONaTO4YHOro KaHana,

- YMEHbLUNTL 06nacTb OTPbLIBOB
MNOTOKa B NOCMEAHNX CTYNEHSX
Komnpeccopa,

- NOBbICUTb MACCOBbIM pPacxon yepes
Komnpeccop Ha 2,5% U CHU3UTb
noTepu B BbIxogHOM anddysope 3a

CYET YMEHbLUEHMNA 3aKPYTKU NOTOKA

O.B. Komapos, B.A. CedyHuH, B.J1. bnuHos, A.A. PawenkuH
Yp®Y um. b.H. EnbyuHa, . EkamepuHbype



CyCma ANSYS

[lporpammHaa nnatdgopma 10SO 3PPEKTUBHLIN NHCTPYMEHTapuUmn
aBTOMaTM3auun 3agad NpPOeKTUpoBaHUA, aHanusa OaHHbIX B €OUHOM
NH(POPMALMOHHOM MPOCTPAHCTBE, OCHOBAHHOINO Ha WHTerpauumu
NporpaMMHbIX 1 annapaTHbIX CPeacTB NpeanpuaTus.

Hageemcsi, 4TO paspaboTaHHbIA  WUHCTPYMEHTApUM  ynpaBneHus
pacyetamn u ontummndaumen IOSO nomoxetr PopMUpPOBaAHUID HOBOWU
CUCTEMBI nogxoaoB K  pelweHuo  3agad aBTOoMaTusauyuu
NPOEKTUPOBaAHUA U TMOBbIWEHNA  3PAEKTUBHOCTU  CINOXKHbIX
TEXHUYECKMX CUCTEM, OOCTYMHbIX AN UCNOSMb30BaHUSA LLUMPOKOMY KPYry
cneymanimctoB M ee MnpuUMEHeHWe MNO3BOMUT COKPaTUTb CPOKU WU
CTOMMOCTb pa3paboTkn HOBbIX OOBbEKTOB.
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