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JKCNepTHbIN CeMUHap
noa pykosoactesomMm U.P. AramupssaHa
“UHXXMHUNPUHT KaK BaXKHEULLUU CTUMYIT
3KOHOMMYECKOro pasButus’
11 anpensa 2013 r., MockBa,
Poccunckasa BeHYypHasa KoMmnaHus

HWKY Crierny

A.A. BopoBKOB,

NMPOpPEKTOp NO nepcrneKkTuBHbIM npoektam CIormny

yneH JkcneptHoro coseTta “lMpoOMbIWNEHHBIN U TeXHONOrnYecku popcant
Poccuickon ®egepauum Ha [ONrocpoyHyo nepenektuy” MuHnpomTopra Poccuum,
uneH Pl HMNU “Co3paHue HaumoHanbHOW cuctembl komneteHun U kBanudmkaumin” (HCKK)

KomnbrotepHbit nHXXMHUMpUHIr (Computer-Aided Engineering, CAE)
— OCHOBa c034aHuA rNobdanbHO KOHKYPEHTOCNOCOOHOM
npoAYyKUUN HOBOrO NOKOJSIeHUSA
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1911 roa — ABa ogHOKMacCcHWKa, BNocneacTsunm
akagemukn: pusnk A.®. Nohde, pogoHavanbHUK
COBETCKOM LUKOIbl un3unkn, n mexaHuk C.TI1.
TumMoLleHKo, “oTel-0CHOBAaTESTb COBPEMEHHOM
npuknagHon mexaHukn B CLUA”, paspabotanu
y4yebHyI0 nporpamMmy 1 CoCTaBuUnM NPOEKT CO34aHNS
nepBoro B MMPOBOM NMpPaKTUKe UHXEeHEepPHO-
uccriegoBaTenbCKoro pakynborera —
¢dm3nko-mexaHunyeckoro cpakynbreta (Pus-Mexa)
B NeTepbyprckom NonnTexHN4YEeCKOM UHCTUTYTE.

®du3-Mex, cosgaHHbin B 1919 rogy akapemMukom
A.®. Uodphe, He nmen aHarnoroB B Mupe u
oboraTun poccnMnckoe nofMMTEXHNYECKoe
obpasoBaHue “cucremon Pus-Mexa”, B pamkax
KoTopon “...0bI1rno 6onee obwMpHOE, a rMaBHOE —
6onee yrnybrneHHOe U3y4yeHNne MaTteMaTUKW,
TeopeTU4YeCKom MexaHUKU n (pU3nKn, YToObI
BbIMyCKaTb He pPAAOBbLIX UHXXEeHepoB, a BeayLmnx
MepBbii Mpe3nanym ®us-Mexa aesiterien B NpUKnNagHou Hayke” — BCIOMUHar
(1919 r.): A.®. Uodhdpe, BblJalOLLNNCS MaTeMaTUK, MEXaHUK U
M.1. Kannua, A.H. Kpbinos kKopabnectpoutens akagemMuk A.H. Kpbinos.
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CTpaternyeckue uenu v 3agadvm cCoOBpeMeHHOU
BbICOKOTEXHOTOrMYHON NMPOMbILLNIEHHOCTU
(B ycnoBusix rnobanusauuu
U rMNepPKOHKYPEeHL M)

Co3pnaHue
B KpaTyauwiune CpoKu .
rmodGanbHO KOHKYPEHTOCNOCOOHOHU

n BOCTpeOoBaHHOM
npoAyKUUMU HOBOIo NOKOnNeHus
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3erieHble KHUrv, NnoAroToBfeHHbIe B paMKax NpoeKTa
“INMPOMBbILUSIEHHbIN N TEXHONOrN4YecKnn cpopcauT
T Poccuiickon ®enepaumnmn” )

MUHITPOMTOPI CTPATEMMYECK)E I
POCCHH PASPABOTOK I
CEBERO-3AMAL

MbILLNeHHBIA U TeXHONorMMeckui opcaiT Poccuickoi Meaepaiii Ha RONTOCPOMHYIO NEPCREKTHBY

{4 W TexHonorM4eckui opcant Poccuinckoit Deaspaiivy Ha RONTOCPONHYIO NEPCREKTHBY

[]11] ,,‘;’_ ) B &‘

Mocxsa — CarxT=TetepBypr

Mocxsa — CarixT=TetepBypr
2012 2012
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Engineering is the science, skill, and applying
scientific, economic, social, and practical knowledge,
In order to design and also build structures,
machines, devices, systems, materials and
processes.

The American Engineers' Council for Professional
Development (ECPD) has defined “Engineering” as:
The creative application of scientific principles to
design or develop structures, machines, apparatus,
or manufacturing processes,

or to forecast their behavior under specific
operating conditions; ...

CAD/CAM/CAE/PDM/PLM/.../ MES /... ERP
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UH>XUHUPUH2 — 3TO0 0bnacTb YeroBe4YeCKON MHTENNEKTYanbHON
OEeATENbHOCTU N NpoLecc, 3aJadvyen KOToOporo ABnseTcs
NpoeKkTupoBaHue, co3gaHne, CoopyXxeHue, Ucnonb3oBaHue,
nogaepka, nepepaboTtka nnu ytunusauyma

KOHUenuuu, mogenu, npoaykKra, npouecca, CUCTeMbl UNu

TeXHONorum

0N peweHUs KOHKPeTHbIX TeXHU4YeCKUX 3aaau.

KntoueBble TEPMUHDI:

* “npoekTupoBaHue”, NOTOMY YTO MMEHHO 3Ta obracTb
OEATENbHOCTM ABNAETCA YHUKalIbHbIM (OYHOAMEHTOM
NHXXEeHepHOoro aena,

¢ “pelwleHne KOHKPEeTHbIX TeXHU4YeCKUX 3agay’”’,

NOTOMY UYTO UHXWHUPUHT ABNAETCH, B NEPBYIO ovepeb,
NpuKNagHou OeATeNbHOCTLIO.

SuperComputer Simulation-Based Design & Engineering
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Royal Academy of Engineering. Jobs and growth:
the importance of ENGINEERING SKILLS to the UK economy

ROYAL
ACADEMY OF
0 ENGINEERING

(UK Economics Structure, 2010 r.)

Jobs and growth:

the importance of
engineering skills to the
UK economy

m Agriculture

= Mfg

gineering skills project
Final Report, September 2012

= Other Industry

m Services
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ROYAL
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ENGINEERING

Service Sector in Economics
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Fields of Engineering / O6nactu UHXUHUPUHra

1. Aerospace engineering 13. Materials engineering
2. Applied engineering 14. Mechanical engineering
3. Biological engineering 15. Military engineering

4. Civil engineering 16. Mechatronical engineering
5. Chemical engineering 17. Nuclear engineering

6. Computer engineering 18. Offshore engineering

7. Electrical & Electronics engineering 19. Optical engineering

8. Engineering Science 20. Petroleum engineering
9. Financial engineering 21. Geoengineering

10. Food engineering 22. Software engineering
11. Industrial & Manufacturing engineering 23. Sport engineering

12. Marine engineering 24. Systems engineering

25. Textile engineering
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Mechanical Engineering Materials Engineering
. Aerospace engineering . Ceramics engineering
. Automotive engineering . Composite Materials
Composite structures engineering . Metal Forming
Earthquake engineering . Nanomaterials
Marine engineering . Plastics engineering

Mechatronics . Polymer engineering

1
2
3
4
)
6
7

Nanoengineering . Welding engineering

Nuclear engineering

B B S - >

Power engineering

10. Structural engineering

Software Engineering
1. Computer-Aided Engineering
2. CAD/ICAM/CAE/PDM/PLM/...IMES/ERPI/...
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AsTtomobunectpoenue, Asma-, Cypo-, MalumHo-cTpoeHue,
Kocmoc, TOK, ATomHasa aHepreTuka, TpaHcnopT, CTpouTensCTBO, ...

Hapgotpacneson MynbtuancumnivHapHbIn
CynepkomnbroTepHbIN UHXUHUPUHT &

M, (Matepuanbl & KoHcTpykuuun) * OnTummnsaumsa

M, - mupoBoii yposeHb |SAE | P*= Tlauw = KHy = T255505 = KH, - T3 ..
M;-My>L,-L, “HednpepeneHHocTH”: “0 - 07 =» 0 - ”
L2

L WHalr|bHbIW ypOBEeHb MHXWUHUPYHIOBQWU YCNYIHN...

EPCM = Engineering - Procurement - Construction - Management
(MHXXMHUPWHT, 3aKYMNKWU, CTPOUTENbLCTBO, YripaBrieHUe NpPoeKTamMmn)
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O Map>XXMHaNbHOCTU pa3HbIX 3TanoB XXU3HEeHHOro uMKna npoaykumm
U.P. AraMmup3sH:

. ”Map)KMHaﬂbHOCTb Ha Bcex arariax KapguHasibHo oT/in4aercs. Camasi BbIcoKasi

BHa4ase (HUOKP), oHa cTpemMnTcsi K HyJiro B 0briact MaccoBOIo ponu3BogCcTBa 1
BHOBb pacrtert B obrnactv guctpnbyuymm u MapketnHra’...
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BHELUHUE ncTouMHMKM MHHOBaUuuu
Bu3Hec-napTHepbLI

Customers
Consultants
Competitors

Associations, trade shows, etc.

AKageMUn4yecKnm cektop

0% 5% 10% 15% 20% 25% 30% 35% 40%
BHYTPEHHUE ncto4yHnkKn nHHoBauumn

LLiTaTHbIe cOTPYAHUKMU

Sales or service units

BHyTpeHHue HAP

(In-house R&D)
0% 5% 10% 15% 20% 25% 30% 35% 40%

Base: 765 global CEOs
Source: IBM, “Global CEO Study 2006: Expanding the Innovation Horizon”
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Basic & Applied Sciences vs Science-Intensive Innovations

© A. Borovkov, 2004

ublications

Publications,

Patents, Trade Marks, ...
—

clence-Intensive
i-Tech Know-H
yiT ¥y

TiBmw — T2BMW — T3BMW — ...
TN W A

“KoMmneteHUuuU =
3HAHUA B OEUCTBUAN”

= Pevw

COOperation & P* = TieMw — KH — TZBing —KH-2-T3-...
COmPETION = Knowledges & Competences

COOPETION & Technologies Ocean
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OpraHunsauma R&D B NepmaHuun

Research orientation
NMo3numnoHupoBaHue n gudpchepeHumayms

4. NHXWHUPUHroBOro ueHTpa p

Technical prototypes Industry
Pilot plants o

Development
Applied research

Application-oriented
fundamental research

»
Fundamental research JEﬁ_ﬁ:- Max-Planck-Gesellschaft

>
100% Public 100% Private

Sources of income
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HUP n HUOKP B ocsix “.qel-lbm BpeMﬂ”

Heobxoaumoe ycnosue - kBanudukaumm

RUSSIA

"~ EUROPE

T2 ... | esme

ASIA
‘ AFRICA
BYBbl, PAH [ Llentp komnbloTepHoro Y Averica ) ! )
MHXXUHUPUHTA <: \ 2 AUSTRALIA
(MBD / FEA / CFD / FSI /

CAE / HPC...) - <: T-N

Centre of Excellence)

———————————————— Heobxoaumoe ycrnosue —
KBanudukaumm

MpOMbILWNEHHOCTE JoctaTto4yHoe

ycrnoBsue —
KOMMeTeHUun

f (ne Hb rM) © Boposkos A.U.,
>

KHsirmHuH B.H.,
Nuneukas M.C.
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MpodeccrnoHanLHoe -
rrrrrrr co06LEeCTBO NPAKTUK s ‘Centre of Excellence
MHALATAB “MaTtepuansbl — , _
u MH,K.,.HpMpMHr_ “Regional./ Branch Centers of
MpOMBILINEHHBI : Competences
an3anH” '

'l = SIA
— URQ ‘

NORTH
AMERICA

ASIF

70-e rr. XX Beka, NSF (CLUA):
nosieneHne CAD-cuctem — camoe BblaaroLleecsi coobiTue
C TOYKM 3peHUs NOBbILLEHUA NPOU3BOAUTESNIbLHOCTU TpyAa
CO BpEeMeH N300peTeHns aneKkTpuyecTBa AUSTRALIA

MBD /FEA /CFD / FSI/HPC - Centre of Excellence —
obecneyeHune rnodarbHON KOHKYPEHTOCNOCOOHOCTHU
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ANropuT™M BO3MOXHOIO B3aMMOAEHCTBMA NPOMBIWNEHHOCTH H YHHBEPCHTETOB Ha OCHOBE MHOTOMIETHErO YCNELWHOro onbITa
B3aWMOAEHCTBHUA C BeAyWHMH OTEYECTBEHHBIMK U 3apyBexHbIMK NPOMBILNEHHBIMKA OPraHu3auMamu, Melowerocs y HAY Cnermy
B paMmkax cosfanHon QopcanT-CTpyKTypbl:

o ,’30",‘ Challenge Industrial Problem / lMpombiwneHHasa npobrnema-BbI3OB

BY3 pomxeH GbiTh roToB pelwnTs 3Ty KOHKpeTHYIo Mpobnemy. Yo 3saunT BuiTh rotos?

MynesTnancumnnmHapHasi KOMaH4a cneumanucToB,
obnagarowmx KOMNeTeHUMAMU MUPOBOTO YPOBHS

Komaraa KOMNETEHTHBIX MyNbTHAXCUMNNMHAPHBIX CNELMArMCTOB B WASANLHOA CHTYALMK AOMTAHA UMETL A CBOSBPEMEHHOND M KaYeCTBEHHOI
pewexns Npobnembl HeobxoauMMbIe pecypebl:

— B .
:O

dPopcaunt-cTtpyktypa (Centre of Excellence):
Brainware & Software & Hardware & Experience & Know-How & ...

W3 scero apcenana Software & Hardware & Hi-Tech & Know-How xoMneTenTHeiMK cneysanucTamy (Brainware) hopMupyercs cneyuany-

dopmMmupoBaHuMe cneumanM3npoBaHHON TEXHONOMMYECKOMN LenoYku

P*=Tgyw — KH = T2 4ing — KH, - T3 - ... PelwieHue npobnemsbl
WWW‘“&WMWW

e s e

FeHepupoBaHue MynbTUAUCUUNIIMHAPHbLIX 3HAHUN,
chopmanusoBaHHbI N HechopmMariuaoBaHHbIN TpaHCcep 3HaAHUMN,
onepexarLiasa NoarotoBKka KOHKYPEHTOCNOCOOHbLIX U BOCTPEOOBaHHbIX

cneynanucToB, pa3BUTUE KOMMNETEeHLUU U TEXHOSOIMUMU, |

" HapoTpacrieBon TpaHcdep 3HAaHUN, TEXHOSIOMUM, ...
CTowmmnnmmmm

© © 600
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© CompMechLab®
M3 - Concept

MultlTechnoIogy
(Multi-CAD / Multi-CAE)

ANSYS| g
SIMULIA mmj!

MultiLevel
SubModelling

M-m-M-Hom

CompMechLab®
MultiBody Dynamics

Macro : Concept Acoustics
meso + Fluid/Gas Mechanics

: Mechanics
Ml Cr Thermal Analysis
Nano ElectroMagnetism

MultiScale / v~ e s
MultiDisciplina
MultiStage WHBISCIpTinary

/\/‘\
Casting / Forming / Welding / ... 'Loading /
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' ;ieﬁ‘mens PLM Software [puMeHsieMble MyNbTUAUCLMNNIUHAPHbIE
Sl E M E N S HapoTtpacneBble CAD/FEA/CFD/CAE-TexHonoruu ANSYS

(obwan TpyaoemMKoCTb pa3paboTKu U CONPOBOXAEHUSA $ o
CEXe? S2FLUENT

"'_ ‘TNX — 6onee 500 000 yenoBeko-ner)
NX | oean TunuyHbin y3en CompMechLab®-DHP*C-Network
: \ =AY MSC A Software
"SOL,D EDGE vi:EMA,, THE SUPE"“MPUTERCOMPANY (Adams, Patran, Nastran, Marc, Easy,...)
o~ 2 ABAQUS
TEAMCENTER ps:mu:_m W H COMSOL

E 2
DCA;'IA SolidWorks /=
(Cb SuperComputer CRAY CX1 2y e i
pTC (Intel Tylersburg 5520, Intel Westmere; t_Tl ESI GROUP get it right”
Tha Peodic meee 2% HexaCore Intel Xeon X5670, 2933 MHz /

MAutodesk 96 cores, 192 Gb, 8+512Gb SSD + 10Th) Gl (g '|
=1 SPACECLAIM  Microsoft Windows HPC Server 2008 R2 0 SYSWELD

simpleware gf\Sff eam <Ldigimat 7 A|taqu HypeiFWOIrkf

spErs COMCE Moldex3D ¥sSsorr  LMS
ANSA § 4 @igmodeFRONTlER (7)) SISMA DE: .1/

FIGES2(, technoLogy T ——————

] kilgﬂware ? 'E- DYNA

R A8/ W#ey Technology Corp.

ooooooooooo
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OueHKa NofHbIX TpyAao3aTpaT Ha pa3paboTKy
ANSYS-texHonorum B 1970 — 2012 rr.

2300 1= COBOKYMHBIE TPYAOSATPATHI HA PASPASOTKY TEXHOAOM M ANSYS
% B1970-20121T. (CYHETOM MNPNOBPETEHWS FLUENT, ANSOFT, APACHE DESIGN
3 SOLYTIONS 1 AP.) OUEH/BAIOTCSI NMPMEPHO B ~ 35 000 HYENOBEKO-AET PGS KATATAA AL 20T 7 S G2 RAAREL
2000 %{ FOAOBOWVI AOXOA (201 1) - $ 6915 MAH.
§ Apache I\NSYS
g Design, Inc. ANSYS + APACHE
u /pache ANSYS +ANSOFT
1500 | Ansoft Corp. ANSYS + FLUENT
§ ANSYS + Century Dynamics
ANSOFT ANSYS + Harvard Thermal
ANSYS+CFX y komnaHum AEA Technology (¢
1000 ‘ Husnt Ine. ANSYS+CADOES.A. | ‘ s 65 nogpaspeneHni c obuen
ANSYS, Inc. %FLUENT ANSYS+ICEM CFD Engg. | CFD \:‘-IMCﬂeHHOCTbDO COTPYAHVIKOB CBbile 2 200
>00—201 APACHE = \_4enoBeK B pa3fM4HbIX CTpaHax Mupa _/
| 1375 YeAoBeKo-AeT '
500 | 1984-2008 ANSOFT = 2 200 4enoBexo-neT |
—
1983-2006 FLUENT = 8 000 YenoBeko-AeT |
1970-2012 ANSYS = 21 250 4enoBeKko-AeT
0
DO~ NOTUOLOMMNOVDOOODOTTANMTUWOMNODOODO T ANMNMITOULONNODODOTTANMTWLONOOWD
O MNMNDMNDNMDNMNMDMDNMDNMDNMDDNSDND OGO OO 00 000 00 00 0WWWWOWwOo oMo OoOOoOOoOOoOOoOOoNO OO0 OO0 OO o o
D OOOOOOOOOoOOoOoOoOOoOoOOoOOoOOoOOoO OO OoOOoOOOOOOOLDEOLOODOOOO OO OO
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv NANNNNNANNNN

© CompMechlLab®
© MHDOPMaLMOHHO-aHAIMTUHECKMI (hOPCanT-LEHTP

FORTUNE Global 500. ANSYS products are used around the world by 96 of the top 100 industrial
companies on the current FORTUNE Global 500 list.

BusinessWeek. ANSYS products are used by 16 of the top 20 most innovative companies in the
world today, according to a 2008 BusinessWeek report prepared by The Boston Consulting Group.
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CompMechLab [\NSYS Competltlon Awards (2001-2008)

E CALENDAR T VO
AN\\ S Image Contest Winners ) | ANSY‘ Image Contest Winners

ANSY'S CONFERENCE

Best of Session Technical Paper Award

Prevented to

Alexey I. Borovkov, ODenis V. Shevchenko -
51. Pelersburg Stale Technicol University

for Authoring

Non-Lineor Finite Element Modeling of the Tii
Briquetfes Hol Exfrusion Process

Metal Forming and Welding
Session - Best Paper

ANSYS CONFERENCE

Best of Conference Technical Paper Award
Prasented fo

Alexey I Borovkoy, Denir V. Shevchenko ~
51. Pelersburg State lechnical University

for Autbering

wr-linear Finite Element Modeling of the Tifanium
Briquefter Hol Exlrusion Process

| Honorable Mention
4By
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Com pMechLab FALYNY®Y Competition Awards (2008)

i
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B The Aerodynamic Department of Airb
ICEM CFD™ software for more than over 10 years to link
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performance with aerodynamic shape design.

i AIRBUS
: [ ]
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| :
[ |
L, |
2

CompMechLab used ANSYS® Mechanical™ and ANSYS CFX toolsg

tO perform muu'ph,ys‘CS FE analySls Of a Catalytlc I:Efcrmlng The German Aerospace Center used ANSYS CFX software mamsamgsnmiamaas
apparatus under wind and thermo—structural load]ng. n  toinvestigate detailed shock structures of a supersonic E-‘ﬂ-‘s--‘-?;‘:-'f—'

diffuser flow.

Russ‘a Germany
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' Compl\/lechLab AW NY®Y Competition Awards (2009)

Competition Winners
(2002-2009 rr.)

« 79 winners in all
(AIRBUS, Ferrari,
General Electric Oil & Gas,
Simens Power Generation
et al), including 12
universities;

* 4victories — CompMechLab®
« Jvictories— EMT R, Dyson,
Mouchell, TriVista Engg;
and SPbSPU — unique
university on a globalscale
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FE Solution of the Forward Problem in Magnetic-Field Tomography (MFT)
Based on MagnetoEncephaloGraphy (MEG)
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Lk % % of
Rank kbt tiadik Chi Vears 2011 Defense 2010 Defense ~ defense 2011 Tofal ~ Revenue
— —— el ey ' Revenue Revenue revenue  Revenue from
Rank —
change Defense
1 Lockheed Martin Robert Stevens, Chairman and CEO US. 1 439780 42,800.0 2.8% 46,499.0 94.6%
2 Boeing gééam“ G e 4 30,7000 30,858.0 05% 6870 M4T%
3 BAE Systems Tan King, CEO UK. 2 29,130.2 33,109.5 -12% 30,723.0 94.8%
4 General Dynamics Jay Johnson, Chairman and CEO Us. 5 25.506.0 26,622.0 -4.2% 32,6710 78.1%
5 Raytheon William Swanson, Chairman and CEO U.S. 6 23,055.6 23,4202 -1.6% 24,7910 93%
6 Northrop Grumman Wes Bush, Chairman, President and CEO US. 3 21,400.0 31,181.0 -31.4% 26.400.0 81.1%

For U.S. leading manufacturers,

to out-compete is to out-compute

“U.S. Manufacturing — Global Leadership Through Modeling and
Simulation” Council on Competitiveness, March 2009.

70-e rr. XX Beka, NSF (CLUA): nosBneHune CAD-cucrtem —
camoe Bblgarouieecs COObITUE C TOUYKU 3PpeHNSA NOBbILLEHUS
NpPou3BOANTESNIbLHOCTU TPyAa CO BpeMeH n3oopeteHus
3NeKTpnyecTBa
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CynepKoMnbOTEPHbIU UHXUHUPUHT —
OCHOBa CO34aHUSA KOHKYPEeHTOCNOCOOHOM npoAayKuun HOBOro
NOKONEeHNs1 y MUPOBbLIX NNL epOB BI'IK

BOEING

NORTHROP GRUMMAN

-

GENERAL DYNAMICS

EADS
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“With technology, talent and capital

now available globally,

the U.S. Is facing unprecedented

Simulation - Based . economic competition from abroad.

Engineering Science The country that wants to out
compete must to out-compute”

Deborah Wince-Smith,

Revolutionizing Engineering President of the Council of
Science through Simulation Competitiveness (2004)
V.2, f 1. MMobanunsauusa — TexHonoruu,
TallaHTbI U qJVIHaHCbI AOCTYIMNHbLI
BCEM;
Report of the National Science Foundation 2. 'MnepKoHKypeHUusa —

Blue Ribbon Panel on
Simulation-Based Engineering Science

OecnpeueaeHTHblIe rnobanbHbIe
@* BbI3OBblI;
i 3. CtpaHa, xenawLwiasa nodeauTtb B
KOHKYpPeHTHOU Oopbbe obsa3aHa
no6eanTb B BbIYUCNEHUSIX.
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JBONMIOLMA OCHOBHbLIX KOHUenunn n napagurm CAE

“The Direct Hi-Tech Process Chains” (“Direct Innovations”,
Boeing-, BMW-, ... oriented Hi-Tech Process Chains): Tleww — T2sww — T3smw — ... = Paww

“The Reverse Hi-Tech Process Chains” (“Reverse Innovations”, Challenging Problem
oriented Hi-Tech Process Chains): P* = T1leww — KH-1 — T280eing — KH-2 = T3 — KH-3 — ...

Open Innovations / Total Reverse Engineering / Global Collaboration
(OutTasking, OutSourcing, OutStaffing) = Embeddedness in Hi-Tech Process Chain
9. Digital Mock-Up =» Digital Manufacturing (Digital/ Virtual/ Smart Factory, Smart Real-Time Factory)

8. SuperComputer (SmartMat*Mech)*(Multi**3) Simulation and Optimization

Based Product Development
7. SuperComputer (SmartMat*Mech)*(Multi**3) Smulation and Optimization-BD / E

6. SuperComputer (Material Science * Mechanics) (Multi**3) S-B D / E

5. SuperComputer (MultiScale / MultiStage * MultiDisciplinary * MultiTechnology) S-B D/E
4. SuperComputer MultiDisciplinary S-B D/ E

3. SuperComputer S-B D / Engineering (S-B D/E)

2. SuperComputer S-B D (Projects for BMW: 17 000 tasks / 2 week; 12/ 24 cores)

1. Simulation-Based Design (S-B D)
0. Hardware = Software @ Brainware =» Brainware & Software & Hardware
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“U.S. Manufacturing — Global Leadership Through Modeling
and Simulation” Council on Competitiveness, March 2009:

U.S. manufacturers must compete on innovation, not cost.
High performance computing (HPC) modeling and simulation
enables innovation by reducing design cycle time,
development costs, certification costs, and re-engineering
costs, and improving performance and efficiency while

reducing waste.

Co3aaHue B KpaTyanLumne CPOKHU
rmob6anbHO KOHKYPEHTOCNOCOOHON U BOCTPpeOboBaHHOMN
NpPoAYKUMU HOBOro NOKOJIeHUsA
{ SuperComputer (SmartMaterials*Mechanics)*
(MultiScale/MultiStage*MultiDisciplinary*MultiCAD/CAE)
Simulation and Optimization } -Based
Design / Engineering & Product Development
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[MpombiwneHHocTb =» TpeHAabl, TexHonorun, ObpasoBaHune, Hayka,
KomneTeHuwu -) CADIFEAICFD/CAE CompMechLab® Centre of Excellence
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npOMbII.I.IHeHHOCTb =» CnoXHble Hay4YHO-TEXHNYECKUE (MPOMbILLIIEHHbIE)
3apgauun = MynbTuancunnnuHapHble HagoTpacneBble KOMNLIOTEPHbIE
TexHonornn =» TexHonoruu, KomneteHuun, LIeHTp npeBocxoacTBa

3aka3zumku CompMechLab® - Begywme MUpPOBble U OTeYECTBEHHbIE
NnpoMbILSieHHble PUpMbI B 06nacTu:
I

& > pakeTto- n aBuactpoeHus (PakeTHo-KkocMuyeckasa Koprnopauus “Heprua’
AIRBUS um. C.IN. Koponesa, Airbus, Boeing, OAK, UPKYT; OBOPOHIMNPOM, OOK » ap.);

GoEIveE > agTromobunectpoenns (BMW, Daimler / Mercedes Benz, Audi, Porsche, GM,
VW, Bugatti, Ferrari, Hummer, KAMA3, ABTOBA3, E-ABTO 1 ap.);
HedpTerazoBon npombiwneHHocTy (Masnpom-BHUUT A3, M'unpoCneulas,
HedreXumlpoexkr, GE, Schlumberger, Weatherford, Hydratight v ap.);
metannyprum (“CeBepcranb”’, kopnopauusi BCMIMO-ABUCMA, Nxopckun
TpyoHbIn 3aBog, OMK / BM3, Cesepckun TpybHbIN 3aBOA 1 p.);

HUMMER >~ ATOMHOI 3HepreTHky (KoHuepH “Poc3HeproATom”, “Ukopckue 3aBoab!”,
AtomIHeprollpoexT, Kb mawmHocTtpoenus, JIASC, KyAdC, CMASC v ap.);
"31 g > 3NeKTpOo- U 3HeProMaluMHOCTPOEHUs (KOHLIepPH “CunoBbie MalMHbI”,
Frar|  KAMAZ

“PocInektpollpom XonauHr’, General Electric, Siemens 1 ap.).

a E!
Gm"pnm &ari uipocieyras Schlumhel'ger Cesepcrans *f = OMIT S
it e oATOM

f % -':-‘ “ A BroAT
momanceronroes A (7) b © @ omomennumn (B
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10000 go H. 3. 5000 po H.3. O 1000 1500 1800 1900 1940 1960 1980 1990 2000 2010 2020
1 1 1 1 1 1 1 1 1 1 1 1
301010 Menp
Bpomfx MeTtannsi MeTtannsi
€/1e30
Crexn006pa3Hbie METALIBI
Yyryx Cnnasbl Al—autuit MeaieHHOE pa3BUTHE:
HOJ'IVIMepr AsyxdasHbie cranu B OCHOBHOM KOHTPOJIb
Cranb MukpocnaasHbIE CTanu KayecTBa ¥ TEXHOJOTHHU
HAepeso Hosble cynepcriassl
Koxa Cra/ibHbIE CILIABbI
BosokHa
- eu n
é KoMno3autsl Jlerkue MeTauibl onumepb!
) Kayuyk
- Cynepcriasbl [1poBoasiiue NoAUMEpPHI
=
E Canai Tepmocroiixue
8 Turau MOJUMEPHI
X =
Kamens L{upkonuit ¢ CruiaBbl
: Kpewmers MT. A O oo =] KomnosuTbI
lonyapHele usnenus Baxenur o i KepaMuyeckuie KOMNO3UThI
CrexJuio onuddupsl
Ilesibi HeiuioH DROKCHABI MerTannokoMno3uTh
M2 [IMMA Axpuisl OpraHonnacT¥ku
KepaMVIKVI OrueynopHas Kepamuka eyl Venemacticn” KepaMMKVI
[lopTaaHALIeMEHT > CTeKI0MIaCTHRYA
[1nasnensin Bsiskue MHXEHEPHbIe KEPaMUKHU
kBapu  Merainokepamuka [lupokepamuka (ALO,, Si,;N,, PSZ u T. 1.)
1 1 1 Ll 1 1 1 1 I 1 1 1
10000 go H. 3. 5000 po H.3. O 1000 1500 1800 1900 1940 1960 1980 1990 2000 2010 2020

Pa3Butne MHXXeHepHbIX MaTepuanoB
(MeTannbl, nonuMepbl, KOMMNO3UTbI, KEPAMUKMN)

CxemaTunyeckas AuvnarpamMmma, unnrwcrTtpuvupyrwuwad namMmeHeHune OTHOCUTESIbHON ponu
YeTbipeX OCHOBHbLIX TUNOB KOHCTPYKUMOHHbLIX MaTepuasnoB C Te4eHUemMm BpeMeHMW.

LLikana BpeMeHu - HefIMHeuHas
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Specific strength, (10%cm)

MeTansbl VS KOMNO3UTbI. YaernbHas NPOYHOCTb / yAenbHbIN

MoAynb YNPYrocTu, yctanocTb

L il 1

S-glass/epoxy

Kevlar/epoxy

Borpn/epoxy

Graphite/epoxy

Metals

20 L 1 1 1 L L . : ! ;
' Aramid 12 1
18 4 S-giuss (Kevlar) - = L
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12 4 ‘ -g 7 -
10 q E-glass Boron I o 6 -
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KomMno3uTtbl B aBuauum

The growth of composite structure on major aircraft programs

(1975-2010) as a percentage of weight Com posites |earning curve

70% @_ —

o | | BOEING |
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Narrowbody Transport

50% c S " /
40
/ - )
A3S0XWB %
% 35 -
- V-2  EUROFIGHTER ’?ﬁ

*Military Aircraftin Purple

o *FEIF o U
B2 . = /A400M
. ® ; ;
30% Q - g e
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o FAZ ¢ . £
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* FIA-J8ETF o |
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=X
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. A300
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......................

0%

Source: Teal Group, Boeing, Airbus, Composite Market Reports
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KoMno3utbl B aBTOMOOMNEeCTPOeHUn

&49%
g Automobile LCA “JICMA Model”
'w EE NI NN NN NN NN NS NN NN NN NN NN NS EEEEENEEEEER

l @ Conventional car and CFRP car |

. Fender Support
\ ‘ ' FR Engine Cover. = \

Radiator Core.

Support
Standard sedan

Energy Absorption
Pipe

Door inner —RR luggage space

ER Dash Under Cover

1.600 CFRP :17% Thermoset CFRP:Panels, Structures
3" (174 kg) WCFRP (Weight: 30% of steel)
= s:"_'"" Thermoplastic CFRP: other parts
% 1,000 e DSteel (Weight: 50% of steel)
Steel
9 500 s S
2 968kg @ Body weight
S ; 385kg 1380->970kg (A30%)

Body weight can be reduced by 30% with CFRP application

jg‘ | HUNTSMAN Scenario CFRP

Enriching lives through innovation

CFRP Lamborghini prevision trend

Approach:
- Rising demand through increasing number of applications
Total amount of Composite Materials used in - Progressive, selective development of cip-technology
. . - Efficient applications / optimised production
Lamborghini

- Rising productivity / Decreasing costs

- break-through technologies cannot be bought
but have to be developed

350

300

250

Weight 2001
(tons) 150
100

50-

Lamborghini Gallardo Spyder

Bugatti Veyron

Amount of cfrp

2008 2009 2010 2011 2012 2013
Year

Audl
21 g GEAP, o . Dot K.t AUDIAG, 14, Ao 200 Vorsprung durch Techvat UL
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MHoromacwtabHaa MynbTugucUUNIIMHapHas
nepapxus mogeriem matepuvana

Homogeneous
Continuum

Heterogeneous
Continuum

Polycrystal

(Grains)
Molecular
Dynamics
Quantum  (Lattice)
Mechanics
(Atoms)

arara FEA.FU O Comphischiabe | #Www FEATL & CompMechiabe

Length Scale

| i | |
)

1 1 1 ]
10"°m 10°°m 10°°m 10°m 10°m
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MHoromacwtabHas MynbTUAUCUUNIIMHAPHAA nepapxus
{pP) = m@ - M} — mopenen
MaTepuanoB, UHXEHEPHbIX KOHCTPYKLUN U COOPYKEHUN
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based on FALL' SR &

Finite Element Mechanics:

macro - mechanics, ...,
meso - mechanics,
micro - mechanics,
nano - mechanics
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MHoroypoBHeBO€e MoAenMpoBaHMe KOMMNO3UTHbLIX Kabenen ¢ nepapxmyeckomn
CTPYKTypou

- 1422 xunbl B Kabene
- 4675 BKNOYeHUU
*) dpoto ENEA-FRASCATI NbSSn B Kamoﬁ Xune

Nemov A.S., Boso D.P., Voynov |.B., Borovkov A.l., Schrefler B.A. Generalized stiffness coefficients for ITER superconducting cables, direct FE
modeling and initial configuration // Cryogenics, 2010, Volume 50, Issue 5, 304 - 314.

Hemos A.C., bopogskos A.W., LUpednep B.A. MHoroypoBHeBas romoreHm3sauuns kabenen ¢ nepapxmyeckor KOMNO3UTHOM CTPyKTypown // Hay4Ho-
TexHuyeckmne BegomocTtn CI16IMY. CI6.: U3g. Crermy. 2009. Ne 3. 153 — 162.
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O pabotax cotpyaHmkoB CompMechLab B BDC

« 16 CompMechLab-nHxeHepoB npuHumanu ydactne B 2006-2007 rr. B paboTtax
Boeing Design Center (BDC) no pacyetam NpoYHOCTU pasfnyHbIX KOMMO3UTHbIX U
TUTAHOBbLIX 3JZIEMEHTOB W Y3J5IOB camMoneTta HOBOro nokorneHna Boeing 787
Dreamliner;
« CompMechLab-uHxeHepbl perynapHo npumeHann Boeing-cneuuann3npoBaHHbIE
nporpaMmmMHble NPOAYKTbI M HOPMbI MPOYHOCTM — Boeing Design Manual;
* OcHOBHble BUOblI pPacYeTOB — KOHEYHO-3JIEMEHTHble pacdeTbl Ha ocHoBe CAE-
cuctem MSC.Software (Patran, Nastran).

Pe3ynbtaTthbl geatenbHoctn CompMechLab otme4vyeHbl [iunnomamu:
* «Appreciation Award» 3a akTMBHOe y4actue B nporpamme 787 Dreamliner,
 «Best of the Best 2006» 3a paboty B BDC B 2006 roay.

R ’;8; Program il =0 o * 9
* Appreciation "ﬁ "4 *BeSt Of the BeSt 2006t % *
e 4 * 8 This certificate is presented to
Pavel S. Goncharov BOEING

Pavel Goncharov

In recognition of

- The excellent performance on the job, "can do’attitude and ability to work with
Cnacub6o 3a Baw Bknan 8 others demonstrated on a daily basis throughout the Year 2006!

'~ pa3BuTHe nporpamMmmbl 787. ' y
e el Thank you for making the difference!
~ Cnacwubo 3a Bawe nuuHoe
s CTpeMIeHune Bceraa HaxoamTb M /
» ywee pelueHve! T A\l —4"’“4‘2
: e Alexander Yermons| ky Dr. Sergey Kravchenko
3 Chief Engineer 787 President, Boeing Russia/CIS

@Jvnfl,va
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Boeing 7E7 DreamLirW787A

CompMechLab Diplomas from Boeing Chiefs

T

787 Program
Appreciation -
Award » o ..

Pavel S. Goncharov

\ S ’

L~ 1 mOEING

“ "+, Best of the Best 2006+ .- -

This certificate is presented to

Pavel Goncharov

In recognition of

The excellent performance on the job, "can do”attitude and ability to work with

support  Cnacu6o 3a Baw Bknaa B others demonstrated on a daily basis throughout the Year 2006!

jram. @  pasBUTHE NPOrPamMbl 787.

~ - omql Cnacu6o 3a Bawe nuuHoe
itment to excelle: ~ CTpemneHue Bceraa HaxoauTb
L. nyyee peweHue!

Thank you for making the difference!

[
|
$o, £ LL )
Dr. Sergey Kravchenko i
President, Boeing Russia/CIS J
.

CompMechLab contribution to Boeing 787 DreamLiner Program
L —

T
- (oo
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In recognition of

The excellent performance on thie job, "can do”attitude and ability to work with
others demonstrated on a daily basis throughout the Year 2006!

Thank you for making the difference!
Alexander Yermonsky Dr. Sergey Kravchenko
hief Engineer 787 Presis ang RusiCIs
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PakeTHbIN 6510k aBapunHoro cnaceHus (PBAC)

IR

PacuyeTtHble yncna Maxa
M=0.6;1;1.5; 4
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Pe3ynbraTthl pacyeta o6TekaHusa PBAC ¢ BKNYEeHHbIMU ABUraTensaMu
OP[] (ocHOoBHOM paKeTHbIX ABuUratens). M = 4

Yron ataku o = 300

Mone uncen Maxa

PO30, M=4.0, 0=30°, NpagueHT MnoTHOCTMH
y=0° y=45° y=90° y=135°

1=180°

PO30, M=4.0, «=30°, laBneHue
y=45° y=90° y=135°
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K3 amHamunyeckaa moaenb nanyoHoro asapodvHuepa

NMogBuXxHbLIE ONOKM.
18 6noKOB Ha 2-X ocAX

CocpepnotoyeHHas
macca (J1A)

NMpuUeMHbIN | Yucno anemenTos "tpoc” | 14326

Yucno 3-D anemeHTOB 63 408
(6noku)

TpoOC

TopMoO3HOM TpOC
Yucno ANCKpeTHbIX

3nemMeHTOB 8
(xecTKOCTb, BA3KOCTb)

KoHueBble gemndepbl O6wwee YMCno yanos 118 953
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I

HedterazoBas otpacnb. Hedpte- / ra3o- pa3seaka v noodbiva

HanpaBneHus geatenbHOCTU: reomexaHuka, punbTpaums, Te4eHUsa B NOPUCTbIX cpeaax, akycTuka, pacnpocrpa-
HeHWe BOJTH B MUKPOHEOAH. cpeaax, akyCTUYeCKUN KapoTax, romo-/retepo-reHnsauus (onpepeneHue apdexrms-
HbIX Xap-K 1 NIOKanbHbIX Nonen), CKBaXXMHHbIE NPMOOPbI, ANArHOCTMKA 3aCOPEHHbIX BONHOBOAOB, Pl 1 MH. Ap.
H&S: cynepkomnbiotep CRAY CX1 & HP*C-CAE / (ABAQUS, ANSYS, LS-DYNA, MARC, RADIOSS, ...)

3aka3uuku: Masnpom (BHUUIA3, M'npoCneunlas, ...), Schlumberger, Weatherford, Hydratight, Apache Energy, ...

""" NDEq ~ 120 mnH.
AnddepeHUnanbHbIX Yp-UK

— [\

WU3meHeHKe ckopocTu
He(.bTVI BAONb TPEeLWMUHbI
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! Presentation for EDAG/Automotive Presentations/119.ppt
http://www.cadillaceurope.com/english/news_events/other/100_years/1900/index.html
! Presentation for EDAG/Automotive Presentations/156.ppt
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CompMechLab Target on Vehicle Concept Engineering Work
Simulation in Phases: Designer Mock-up — Virtual Concept — Prototype

Virtuallc:oncept ) el Virtual Prototype

Testing Optimization . ., Testing Optimization

/A, (6 )
) n)‘,;“p hrﬁ ¢ )'
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Estimating formability using
Forming Limit Diagram

1.4 CRLCS (t=1 n=0.141, True strain) |

AN

1 i Cracks
Risk
\ of cracks
0.8 | o
< N e
% 06 \ 0 | |Good
3 \ \ . ¥ Inadequate
- stretch
o 0.4 N, Wrinkling
T | tendency
= 0.2 \\/ Wrinkles
- 10T
P
<|Z
0
-0.2 ' ' ‘ ' ‘ '
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4

Minor True Strain
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KoHe4yHO-3anemeHTHOEe MoaernimpoBaHue JIMTbA NiacTtMacc
noa AaBlrieHnemMm, apMmmpoBaHHbIX KOPOTKMMUA BOJTIOKHaMU
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FE Crash model development. Duration — 2 weeks
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MupoBasa npembepa BMW X3 ***** 01.10.2010 Ha NMapunxckom aBToCarioHe
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Rear axe
transmission elastic
supports

Elastic collar
at drive shaft

Engine supports
with predefined Gearbox support
failure connectors with failure ability

mes i

Engine Shell-Beam-Solid FE Model
Number of Degrees of Freedom — 1 200 000
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FE Crash Model Development and Analysis.
Measurement Equipment for Validation Analysis

Measurement equipment (tensile sensors, translators,
accelerometers e.t.c.) are developed and assembled in car model
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FE Simulation and Crash Test Results Validation
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CAE Process Chain in Automotive Industry

CAD > Pre-Process > Solving > Post-Process >

Statik Kennwerte und Defarnmatinen
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NATIONAL RESEARCH UNIVERSITY “St. PETERSBURG STATE POLYTECHNICAL UNIVERSITY”

Competent & MultiDisciplinary & InterSectoral Model

Competent Skilled Personnel INNOVATIVE
PRODUCT /

INDUSTRIAL

TASK MultiDisciplinary Research

Hi-Tech
SERVICE

Innovative Science-Intensive Technologies

Global Trends: Globalization, HyperCompetition, MultiDisciplinary
SCIENCE St. Petersburg State Polytechnical University INDUSTRY

Mathematics N Disciplines (D) Technologies (T) | Power Energy
Informatics Metallurgy
Mechanics

Nuclear Energy
Physics
Chemistry | L AeroSpace
Material Al N Automotive
Sclence Oil & Gas
Biolo
gy Electronics
Ecology ~Basic Applied Researches,
Multidisciplinary ~ Advanced Technology Works, Others
Others Researches InterSectotal Innovation ©SPbSPU, ©IAFC, 2010
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° | Altogether — about 500+
MAPLE, MATLAB, ) . .
MATHCAD, academic and commercial licenses and
MATHEMATICA . . . .
i multiple agreements with distributors

| Scientific Software

|and CAD/FEA/CFD/CAE at
| CompMechLab®,

| Mechanics and Control
Processes Dept., SPbSPU

ANSYS
R

ANSYS ANSYS

D A AD A

A A (] A A (]
A

ABAQO ABAQO

COMSOL, Moldex3D, DIGIMAT,
ProCAST, SYSWELD
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¢ .:Iizﬁee:?:acTKezebele ("3pect u cenvac”)
y B ® TeXHOJornyeckue yMeHus,
(*ram u Torpa”) H HaBbIku, know-how
JKkcmepHanusayus
Kom6unayust (KoHYyenmyanbHoe 3HaHUe, Coyuanusayus
mMemacghopbl, aHano2uu,
(cucmemHoe 3HaHUe, aunomesbl, Modenu)  (“OpyxecmeeHHOe 3HaHUe”,

UHMeJlJiIeKmyalibHblie MOOEHU,

npomomunbl, mexHos102uu) mexHUYecKue HaebIKu)
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'LleHTp NPEBOCXOACTBA  /|\YMeHNs, sHaHUS, HaBbIKK, KOMNETEHLUK
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fenukoug
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YpoBHM (0OnacTu) cozaaHna U NPUMEHEHMA 3HAHUS
Kadenpa, Wupueuayymel (Knowledge Workers) Kadeapa,
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Implementing Project-Based Learning

TIME-1

in Engineering Education

“’A! J'] 4.'] b4

Mechanics and Control Processes Dept.
Bachelors-2012
Training Direction — Applied Mechanics
Bachelor Program — Computational Mechanics &
Computer-Aided Engineering
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CAD/FEA/CFDICAE

Master Program — Computational Mechanics &

Mechanics and Control Processes Dept.
Masters-2012 (1)
Training Direction — Applied Mechanics

Computer-Aided Engineering
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Mechanics and Control Processes Dept.
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JKCNepTHbIN CeMUHap
noa pykosoactesomMm U.P. AramupssaHa
“UHXXMHUNPUHT KaK BaXKHEULLUU CTUMYIT
3KOHOMMYECKOro pasButus’
11 anpensa 2013 r., MockBa,
Poccunckasa BeHYypHasa KoMmnaHus

HWKY Crierny

A.A. BopoBKOB,
NMPOpPEKTOp NO nepcrneKkTuBHbIM npoektam CIormny

KomnbrotepHbi nHXXMHUMpUHIr (Computer-Aided Engineering, CAE)
— OCHOBa co34aHus rnodaribHO KOHKYPEeHTOCNOCOOHOMU
NpoAYyKUUN HOBOrO NOKOMEeHUs

E-mail: ViceRector@spbstu.ru, Borovkov@CompMechLab.com
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