Centrum kompetence automobilového priimyslu Josefa Bozka

FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -
STROJNI
CVUT V PRAZE

‘ Popis obsahu balicku WP01VaV znalostni databaze projektu Design Assistance

SYstem - DASY

Vedouci konsorcia podilejici se na pracovnim balicku
Ceské vysoké uceni technické v Praze, zodpov. osoba Prof. Ing. Jan Macek, DrSc.

Clenové konsorcia podilejici se na pracovnim bali¢ku

SKODA AUTO a. s. M. Hrdlicka, Vysoké uceni technické v Brne P. Novotny, Vysoka Skola banska -
Technicka univerzita Ostrava Z. Folta, TUV SUD Czech s.r.o. O. Vaculin, Technicka univerzita v
Liberci P. Brabec, Ricardo Prague s.r.o. B. Hnilicka, Honeywell, spol. s r.o. P. Skara

Hlavni cil balicku

Zkraceni ¢asu mezi vyzkumem koncepce a aplikaci inovovaného vyrobku na trhu (time-to-market,
TTM) o cca 30% vyuzitim shromazdénych zkusSenosti z predeslych reseni a v€asnym vyloucenim
slepych uli¢ek vyvoje v jeho pocatecni fazi. Tento cil bude moZno testovat na praktickych
prikladech aplikaci DASY

Dilci cile balicku pro zavér projektu

Po vyvinuti zakladni struktury DASY a vytvoreni znalostniho systému OntoDASY na CVUT byl
koncept predan k implementaci a doplfiovani konkrétniho obsahu u partnerd. Partnefi
implementuji ve svych vypocetnich prostredcich DASY tak, aby mohli ukladat konkrétni obsah

vybranych modull. Vyvinuté datové struktury vstupl a vystupl metod a parametrizace zakladnich
komponent jsou nyni vzajemneé predavany a doplnovany — do 11/2017.
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Centrum kompetence automobilového priimyslu Josefa Bozka

FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -
STROJNI

CVUTY PRAZE - - : : :
Popis plneni balicku WPQ1VaV znalostni databaze projektu Design Assistance

SYstem - DASY

WP01A06: Experimenty s vyuzitim DASY pro praktické ulohy a plnéni databaze
udaji u partnerd.

Zpracovavani priklad( osSetreni konkrétnich problém{ projektu v DASY a
zobecnovani vysledkd, zejména pro downsizing spalovacich motor{ s dopady na
konstrukci celé hnaci jednotky a koncepcni posouzeni elektrickych a hybridnich
vozidel s ohledem zkraceni Casu mezi vyzkumem koncepce a aplikaci
inovovaného vyrobku na trhu (time-to-market, TTM) vyuzitim shromazdénych
zkusSenosti z predeslych reseni a v€asnym vyloucenim slepych ulicek vyvoje v
jeho pocatecni fazi. 1/2016-11/2017

WPO01A07: Upravy prostfedi DASY na zakladé zjisténych vysledkd implementaci.

Zpracovani nadstavby pro podchyceni znalostni stranky projektu a prehledné
presentace vysledkd pomoci Wiki technologii - OntoDASY. 6/2016-11/2017
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Centrum kompetence automobilového priimyslu Josefa Bozka

FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -

STROJNI
CVUT V PRAZE - - _ _
‘ Popis plneni balicku WP0O1VaV znalostni databaze projektu Design

Assistance SYstem - DASY

= Doplnéni testl DASY pristupl o optimalizaci a nové programy
= optimalizace spotreby energie u hybridnich vozidel — prochazi mnoha
pracovnimi balicky
= parametricky navrh dilt spalovaciho motoru
= Ulozeni znalosti v Citeln€jsi a pro hledani strukturované podobée
(kvalitativni i kvantitativni)
= Pozadavky
= paralelni stromové struktury pokud mozno bez prekryvd, ,,ortogonaini*
= horizontalni vazby se reSi opakovanim casti stromu (v budoucnu klonem)
= pristupova prava lze udelovat dle potreby
= klicCova slova — ontologie pro vyhledavani a prenos dat mezi entitami
= Regeni — OntoDASY vytvorend na CVUT (Steinbauer, Bané¢ek, Neusser,
Macek) a doplnén pFispénim G&astnikd projektu, zejména CVUT FS
(WP17), FEL (WP 19 a 21), Ricardo (WP 20), TUV SUD (WP 25) a VUT
— (WP 08).,
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Centrum kompetence automobilového priimyslu Josefa Bozka
FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -

Centrum kompetence
automobilového promyslu
Josefa Bozka

'Rozd&leni Ontoloaii do

Result V001

Result V002 | WPO1 - Design Assistance SYstem

\
WP02 - Combustion Experiments \

WPO3 - Alternative Fuels |
WP04 - Gas Exchange Simulation
WPO5 - Combustion Simulation \
WPO06 - Turbocharging Simulation
WPOQ7 - Virtual Mechanical Powertrain
WPO08 - Friction Losses and Tribology

WPQ9 - Fuel Injection Systems

Frontioading by simulation
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Fuels Josef Bozek Research /@DASY N
WP13 - Engine Cooling and Inlet Separation Systems - }(Center for Automotive Industry Ontologies A B
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WP14 - Thermal Low-Cycle Fatigue \ NModeIIing&Simulation [ M
WP15-NVH | \ \ 7{\@
WP16 - Gears | \ \ L
WP17 - Transmissions and Drivetrain Control | \\ \_Approval of Products
WP18 - Electric Vehicle Components | \ Car Body incl. HVAC
WP19 - Electric Vehicle Systems \\ f g
WP20 - Powertrain Integrated Control {/ Electric
WP21 - Vehicle Suspension and Steering / \ﬁchnicaﬂ — Ve CRARE | Powertrain incl. Cooling and EGAT | Tranlsn'
WP22 - Human Centered HVAC Solutions / Domaih \‘ Cooling
WP23 - Vehicle Body Design and Passive Safety DY \\7
WP24 - Integrated Safety of Semi-Autonomous Driving |/ \ \ Wheels, Suspension and Steering
WP25 - Vehicle and Powertrain Testing \_Control System
WP26 - Vehicle Microelectronics | \_Traffic
WP27 - Project Management
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Centrum kompetence automobilového priimyslu Josefa Bozka

FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -

STROJNi
CVUTV PRAZE . .
‘ Popis pInéni balicku WP01VaV znalostni databaze

projektu Design Assistance SYstem - DASY

= OntoDASY:
@Ids (Stage Of@ ...... N I;Icﬂe
" ineering Activi O “?'1'33'3-"'-
(Simulation, Experiment, | [ WP Result
Approval of Produ . b [ XWiki
»Technical Domain (Product E Ontologies CKAPJB v:1.0
Decomposition, Environment !} b O3 Admin

ClockWaorlds (Stage of Design Process)

= PJB project str@ ----- Engineering activity

. ...... [ Home
L [3 Sandbox
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Centrum kompetence automob = 7 Lo

FAKULTA - Autosympo a KOlOkVIUm Boiek ------ [ Cre::-lticn of technical standards and regulations
STROJNI T .
CVUT‘LPBAZEIV - ------ [ Macro-scale design
Popis plneni balicku WP01VaV znalostni - 3 Mechatronic design

i 3 Micro-scale design

databaze projektu Design Assistance SYs O Dreseminaton
- DASY . r_“ Er.;petr)i;l:nt

------ [ ldentification exp.
1 ----- [ Measurement and testing
Englneerlng ACtIVIty e [ Full-size engine/motor testing

Approval Of Products e |—_“ Emission measurement equipment

feeees [ analyzers

] Creatlon Of TeChnlcaI ------ [ r:arti-:-le counters

foeee [ specimen preparation (dilution tunnels)

Standa rds ------ [ High frequency unsteady parameters

------ [ Low frequency unsteady parameters

n Design ------ [ Statictorgue and basic parameters

e [ Model and model-based testing

" Disssemination o

= Experiment

= Life Cycle Analysis o e
= Manufacturing 7 B meatanimatontig

- [ Simulated driving testing

= MOde“ing and SimUIation ------ [ Testing of real and virtual mechatronic systems

------ [ Life cycle analysis

» OptimizatiOn e (I r-.lanuf:--l-:{urin-;

...... [ Technology

- [ Modelling&Simulation
...... 1 CFD

...... 3 FEM

------ [ material and component strength testing (thermal fatique)

------ [ mechatronic systems

------ [ ldentification and calibration of simulation models
------ [ ldentification computational

- S A O MBS
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C/T—’hmj: main (Decomposition of product )
Centrum kompetence autom

FAKULTA - AutoSympo a Kolokvium Boz = 5 o enie ennt

§TROJNi ...... 04 Environment
CVUT‘LPBAZEIV , ------ (9 Road network
Popis plneni balicku WP01VaV znalostni . i oo

data béze pI'OJEKtU DeS|g n Assistance 4 [ car body (including passive safety, Heating, ventilation and AC and lighting)
- body-in-white
SYstem - DASY

bumpers & energy absorbers

doors and hoods

equipment of trunk and cargo space

echnical Domain Decompositio
... podiefu

= Traffic

= Vehicle CKAPIB
= Car Body
) Contr0| and Car ConneCtIVIty A D powertrain including cooling, Waste Heat Recovery and Exhaust Gas Aftertreatment
= Powertrain - [ battery
-- [ controll of actuating internal devices
B battery -~ [ cooling system of high and low temeprature circuits
- ICE - [ fuel cels
- [ fueltank
B e-mOtor -- [ IC engine 1incl. fuel system

—_ C00||ng 4-- [ motor-generator 2 (e-motor, hydraulic maotor, etc.)

external acoustic signals
external and internal lighting
HWVAC

indoor panels

restraint systems

steering devices

T D e Y A O O O O

2 more ...

------ [ control system, car connectivity (connected car) and data buses (cross-cutting items)

i [3 drives control system

— pressure cylinders for 03 el snergy comvertrs
Compressed gaS [ eleciric machines

- transmiSSion L [ hydraulic drives

3 pneumatic drives

= Whee|S, Steerlng and Suspen5|0n -~ [ pressure cylinders for fuel system and/or hybrid purposes
T A _ -~ [ transmissions
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Ceské republiky



Popls plnéni balicku W
databaze projektu Des

SYstem - DASY

Transmission

Internal
Combustion
Engine

i A
e 3
...... 0
[
[
[
[
[
[
[
[

[ Bearings

3 Control

[ Gearwheels

3 Housing

[ Lubrication

[ Sealing

9 Shafts

9 Shift Actuation
3 Shift Mechanism

Axle and Inter-axle Differentials

[ Limited-slip and Locking devices
[ Mon-symetrical

O Symetrical

[ Torgue wvectoring

axle differentials (A3, torgue vectoring)
CNT

Fixed Ratio

Launch Clutches

Powersplit

Retarders

Shafts and joints

Stepped Automatic

Stepped Mechanical
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[ IC engine 1incl. fuel system
: [ Accessories

- [ Camshaft mechanism
- [ Cooling system

----- [ Cowers and brackets
4 [ Crankshaft drive

----- [ Conrod

----- [ Crankshaft assy
----- [ Piston assy

- [ Cylinder block

4 [ Cylinder head

...... [ Head

------ 3 Inlet and exhaust ports
------ [ Valve guide

------ 3 Valve sealing

...... O Vvalve seat

4 [ Drives

------ o Belt

------ [ Chain

------ 3 Gearings
------ [ Electric system
- [ Fuel system

i~ [@ Filtration

...... [ Fuel house
..... [ Fuel pump
...... [ Fueltank

..... [ Fuels

‘. [ Injection system

.. [ EGR

----- [ Exhausttract
----- 3 Inlettract

----- [ Supercharging
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FUELFILTER
WATER SEPARATOR
INGECT ON SYSTEM

FUEL TANK
FUEL-=OUSE
GASOLINT
DIESEL

FUEL PLM?

FRC

FILTRATION

FUEL SYETEM

COOLANT PUMP
RADIATCR

CONLANT EXPANSION TANK
WATER COOLNG | WATER HOSZ
\ 4 \ VENTLATOR
\ | REGULATION
', CCOLING SYSTEM |

HEAT NG SYSTEN
VENTILATCR
COVERS
REGULATION
\_HEATING 5YSTEM

AIR COOLING




Centrum kompetence automobilového primyvslu Josefa Bozka
Gearwheels

Gearwheels
Shafts
Bearings
Shift mechanism
Automatised

Shift actuation
Control

Housing
Sealing
Lubrication
Hybrid Transmission
Friction CWT
Hydrodynamic \"._ VT

Hydrostatic |
Gearwheels

\u

| Powersplit
J—-\

Bearings ) )
Fixed ratio

Housing
Sealing

Lubrication

~, Friction
)

Automated

“

Actuation system
| Launch Clutches /

Clutch )
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|

A
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Torgue converter
Shafts and Joints

B e
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[ Shafts
|
| Bearings
4 Synchroniser
) ) ) I'{ Dog clutch
Stepped I"u‘IechamcaI_J Shift mechanism |- - .
%_ Internal shift mechanism
\ "k External shift mechanism
Lubrication
I:\ Housing
' Sealing
— =
Symmetrical

" Non- -symmetrical
%_ Limited-slip and Locking devices

Axle and Inter-axle Differentials J.r
\ Torgue vectoring

Planetary gear set
Multiplate friction shift device

f
)
~ ) Dog clutch
Shit mechanism | Band brakes
Actuation
Stepped Automatic :
Hydraulic control

Control
Lubrication
Housing
Sealing

! Hydrodynamic
Retarders -
Electromagnetic
Belt

Chain

Toroid
Clamp force actuation

CVT

Contral
Reverse
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Centrum kompetence automobilového prin -

FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 1

STROJNi
CVUTV PRAZE

Popis plnéni balicku WP01VaV znalostni databaze
projektu Design Assistance SYstem - DASY

-@esign Process (CIo@»

= Real World — problém - chybéjici vyrobek

= Conceptual World — zakladni koncepce
Structural World — struktura vyrobku
Parametric World — rozklad vyrobku na
zakladni slozky a jejich parametry

Evaluation World — parametricky model a jeho
omezeni pro optimalizaci

Specification World — funkcni model a jeho
specifikace

Real (consistent modars tnroughou ine deveiopment prases) [EEINETE]
i) )
Conceptual s . & Specification
Structural ~ semvien /S :
Pafametric E Z"é Evaluation
S T o
- ~ Development process Mime T sowce:avt Str. 11 ::3 Cer

kor

~

/C'?n.:er:tual Waorld

1~ [ Concept

-1 [0 Conceptual modeal
-+ [ Reguirements
Evaluation World

-+~ [ Computation model
1 [0 Constraints
Parametric World

- [ Parametric model

- [ Parametric requirements
Feal World

- [ Missing solution

- [ Problem
Specification World

- [ Functional model

- [ Product

- [ Specification

Structural World

\e

Structural model

Structural Reguire “‘IEDJ,Q/




Centrum kompetence automobilového priimyslu Josefa Bozka

FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -
STROJNI
C€VUT V PRAZE

‘ Priklad naplhovani algoritmy: Prediktivni optimalizace fizeni hybridniho vozidla

Overall goals of energy consumption optimization

= fast algorithm suitable for predictive pre-optimization - eco-routing with
more detailed pre-eco-driving - and adaptive repeated fitting according
to the current information on the rest(s) of trip

= benchmark of ultimate energy consumption for more detailed models

= importance of humber of optimization variables and constraints (e.q.,
time of a trip)

= |inks to thermal management, EATS — emissions and to WHR —
Turbocompound or ORC possibilities

= modular system for future hybrid architectures, especially with
differential transmissions
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Centrum kompetence

Centrum kompetence automobilového priimyslu Josefa Bozka

FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -

STROJNi
CVUT V PRAZE

‘ Priklad naplhovani algoritmy: Prediktivni optimalizace fizeni hybridniho vozidla

Structure of a hybrid vehicle and main optimization goal

= Parallel hybrid according to Ricardo scheme —
basically single degree of freedom Uy,

= Micro hybrid possible for on-off operation if
recharging or auxiliary power during stops is
needed — additional binary possibility

« Energy consumption per distance as a
goal of optimization

Fw s 1 F,
Te w S Nem Te

road ~—

S
E g = Kyr YUK, FoW s 1 Ko FoesFoom 2 UK K

" rnit e w S e,rel’ e, P nTit ™ ni
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r e,rel I1 a)re/,[ 1" rel,I
T A .
TE 0102 0020 - Technologicka agentura Str. 13 Centra Za WP 01 Jan Macek, CVUT v Praze
C R Ceské republiky kompetence



STROJNi
CVUT V PRAZE

Centrum kompetence automobilového priimyslu Josefa Bozka
FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -

‘ Route definition and constraints of “eco-routing”

Route defined by achievable
velocity (legal limits,
curvature, etc., but also by
constraints — the use of legal
limit or limiting powertrain
power)

Real velocity by profile using
achievable deceleration -
predictor step/ acceleration —
corrector step (adhesion,
limiting power and torque —
WOT, motor temperature,
etc.)

Velocity-distance optimum
profile under constraints
as a result

“Driver is perturbation only”

Velocities - Average Speed 33.6km/h
Motor Power Limit 40kW Battery Gross Cons.23.9 kWh/100 km

,,,,,,,,,,,,,,,,,,,,,,,,,, 1--' i
0 ) s g
00 GRS Lxe-_-JJ l,..wm
20.0 1! l.
o} |
0o )

0000000000
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Centrum kompetence automobilového priimyslu Josefa Bozka
FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -

‘ Route definition and constraints of “eco-routing”

= Profile using achievable
acceleration/deceleration
optimized under constraints

(adhesion, limiting power and

torque — WOT, motor
temperature, etc.)

= Principle of backwards going
predictor and corrector can
be used for other purposes,
e.g., SOC, motor
temperature, etc.

= Eco-routing and eco-driving
with fuzzy margins

= Possibility to apply the
algorithm to testing cycles
have been validated

velocity profile

A phase

length of trajectory

SoC

¢

¢
SoCstart

\Z

SoCmin

SoCmaxmax

SaCmax

SoCend

SoCminmin

Distance

-]
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Centrum kompetence automobilového priimyslu Josefa Bozka
FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -

CVUT V PRAZE

‘ Priklad naplhovani algoritmy: Prediktivni optimalizace fizeni hybridniho vozidla

Centrum kompetence

automobilového promyslu

Josefa Bozka

45%

Efficiency representation by regression
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efficiency in dependence on

Brake Efficiency
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Centrum kompetence automobilového priimyslu Josefa Bozka

FAKULTA - AutoSympo a Kolokvium BoZek 31. 10. aZ 2. 11. 2017, Roztoky -
STROJNi
CVUT V PRAZE

‘ Priklad naplhovani algoritmy: Prediktivni optimalizace fizeni hybridniho vozidla

Possibility to find local optimum of hybrid power sharing in semi-

analytical way e e e g
+ A51K11”(U:;7,1U12” + ASIKIZI “’rxe?,IUIZ[
H 1 = 1 J[ M wilr 1 - F. '

= Importance of standardized PR ST v

formula for derivatives — example , 70

for active power of ICE and e- Ton Koyl U, ) e - e gy

motor 776 _ 1 _ ']—G @ +EZEM:re,ii:gEM;:;MIE;M:/Z(‘;I;MUI):M +K o (Jiu )IW

. KG (] _ U[) N U 1+ + Asen N en " Oretem 7 + AsemRen ™ Oreem 1

u UI may be Out Of <O, 1 > for N7 wlr,emM pcH Fe,/e/Wre/ @

recuperation and battery charging U, e (ti0); Fopy 0 e

— example of active driving, Aor 5+ Aoy A0

+ ALK wre/,IXWy”U/y” + A, K a’re/,lxgryl U/ +
generator charges T Ak 0,0 Ak 33,0 -
_ . . +1r6

= Efficiencies have to be applied s . e &

according to the direction of power .. o e ) +

. Emad _ "erel” e,nom rel,G o G z ,
flow (numerator — denominator) - 3617 ~ Ao (Kell - U, +
K *‘ (1 U ) 7’4560):(65/7‘,;6(/(6(1 -y, ))ZIG - Aésw:(efs(/(s(l ’UI))ZG
n . ForeW i

=  Accumulation efficiency depends

on future (averaged values of

future use) — predictor can be used

in iterative way

T A .
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‘ Priklad naplhovani algoritmy: Prediktivni optimalizace fizeni hybridniho vozidla

Operation modes and their description

= Cooperation of ICE 7, 7.
and e-motor; J is E o roem = C| K Uy L+ -2 T, + K pen (1 —Uf)(l > J =
regression of loss 171

term and function of T em

U, =C K,U,+J,+/(DCH(J—U])+77
U, e <0;1> !
= Cooperation of ICE 7 3

and generator Ewog,ri6 = C [K i (1 T ]* Kol =, )[1 B TGU)H )
U, € ?-oo;O) ... ICE drives 171 o
wﬁ‘uee s and generator =ClK,U; +J; + Koy (1 =U,) = noyitp0sitenJs |

U, ?1; ) ) ... ICE and
wﬁwee s drive generator

= Engine, generator and
retarder braking
simulation is
prepared, as well

-]

A
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‘ Priklad naplhovani algoritmy: Prediktivni optimalizace fizeni hybridniho vozidla

Thermal management models

= Locally linearized models of thermal o
systems prepared

= (Calibration by 1-D models possible
= Examples of electric part

= Experience from 0-D ICE models e
(additional regression models for T eSellen ~T

exhaust

Tem

Tair
LR !
t Tair ‘
T A .
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Priklad naplnovani algoritmy: Prediktivni optimalizace fizeni hybridniho vozidla

Centrum kompetence
automobilového promyslu
Josefa Bozka

Implementation at different levels

Electrical components

1 |Motor +inverter (HV) Unit
trated (nominal) power kw
ENGINE PERFORMANCE MAPS and Fated (nominal) speed fpm
- - map of motor efficiency as a function of speed and torque rpm
|| Exce I S I m u | atl O n fo r DYNAM ICS map of generator efficiency as a function of speed and torque Nm
moment of inertia of e-motor and high-speed transmission (if any) reduced to ouput speed kg.m2
. - — 2 Battery (HV) Unit
d e_ b u I n Of 1 |Engine definition aximum SoC
g g g Number of cylinders inimum SoC
- NiMberciiSiokes umber of cell in series per battery bank -
a Ig O rl h m S a n d IOW— ls)?rgeke umber of battery bank in parallel -
- umber of battery bank in series -
. . . 2a_ |Engine steady speed maps Battery capacity A
I eve I Of O tl m I Zatl 0 n Ersiekpediiaiielsonsimptienlastafinctontofispesdandinigiel orbmep) ljile defining the open circuit voltage [V] against the depth of discharge [%] (for one cell) vV
Eghausl gasHEmperalliiclas _a function of speed and torque (or bmep) |-fi|e defining the resistance [Ohm] against the depth of discharge [%] (for one cell) Ohm
Air mass flowrate as a function of speed and torque (or bmep) 2 |Eletric loads (LV) Unit
- b I b Inlet manifold pressure as a function of speed and torque (or bmep) Eomplete list of the electric loads. -
Va r I a es n u m e r Sharg of heat transfered from engine cylinder block and cylinder head by cooling as a Enharacteristics of each electric load (electrical power of current used) N
it lint s spe_e_d anc_l to_r que_(or EATIED) = PDhmic resistances of connecting cables Ohm
- - Pollutant specific emissions in rawgas as a function of speed and torque (or bmep) = n A
— - 6 |Heating heat pump (if any) Unit
(comb| ned with 2 _[Engine nerta ST
moment of inertia of rotating parts of cranktrain (crankshaft, rotating part of connecting rods, — 24 —
L] flywheel up to clutch, engine driven accessories and valvetrain 7__AC heat pump i
MOdeFro ntler) rer : r r o [e-motor efflciency -
= COOL I NG otor convective heat exchange Unit
3 |74 onvective heat exchange surface mm**2
o Jefficient of thermal transmitance W/m2/K
Mi_1 [Coolant Unit __|aximum temperature of motor deg C
tu Coolant type otor material properties Unit
n Si m u I i n k m Od eI s Total coolant volume dm3__ |pe of material -
nysical properties
4 |Int—2 Geometr.y of the. cooling circu.it connections Unit_ [otor thermal mass kg
= int Schema.mc showing the coljnecllons and components
u nder prepa ratlon . 32?:;:0:5 of the connections: — oling liquid and circuit
Lengths mm heme of acooling circuit -
B t f h pe of liquid -
rute force approac e
H H volume of coolant involved CAB I N
I S pOSS I b I e b ut th e filename for heat exchanged = f(air velocity, qv coolant, Tin air, Tin coolant)
, Front grill wind speed reduction coefficient
H H 4 |Radiator fans 1 [Outside geometry Unit
I I n ks to IOW Va rI a b I e control temperature for fan ON/OFF Cabin width m
control temperature for fan OFF/ON Roof width m
- air flow rate at reference speed T DEhEE e p
number is preserved o vareasin e Windou g m
, fan transmission ratio or pump control type =
5 [Heater core 1 ront door length m
volume of coolant in the heat core Cabin length m
a S WeI I . 7 __|Expansion tank Cabin height m
Coolant volume in the expansion tank Dashboard height m
Total volume 3 |Layers Unit
8  [Water pump Roof Steel thickness mm
volume of fluid associated with pump Roof air layer thickness mm
T A volumetric flow rate at reference speed d Roof canvas thickness mm
TE 0102 0020 o oo reference speed Side panel Steel thickness mm
I Te(hnologmka agentu ra pump transmission ratio or pump control type Side panel air layer thickness mm
© R Ceské repubhky - Side panel canvas thickness mm
9 |Oil cooler e — —
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‘ Priklad naplnovani algoritmy: Prediktivni optimalizace rizeni elektrického vozidla ‘

Examples of Pareto curves for different constraints
Trip time as independent variable, energy consumption recalculated to kwWh/100 km

Trip time shorter than 14 min;
air temperature of -10°C, the
[=_same initial interior

temperature; range for heating
~control 18°C-22°C

27.50

27.00

T .
g ........... M
B 26007 WY s e [ Feasible
g Unfeasible
E 25 50 —+ Error
>‘I Wirtual
g?ﬁ 00 M Feasible
g | B Mo co @ BC G L Unfeasibli
H i i H i > Error
24 50 1 G - . .. .
__Gain of optimization 13%

24.00

23.50

23.00 i i i i
11 19 21 23 25 27
Trip_time

13 15 17

T A
TE 0102 0020 &
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2425

24.50 ! ! ! ! ! ! ! ! ‘

24.00
Trip time shorter than 14 min;

2375
cargo load +300 kg 9350
Real
[ Feasible
28.00 B Unfeasible
—+ Error
2750
Virtual
97 00 gttt M Feasible
10%
26.50 i
5 R
‘5.26.00 CIFea
g Unfi
% 26 50 —+Errc
N vir
E 2500 W Fea
5 unfi

11 13 15 17 19 21 23 25 27
Trip_time

SEme 2100
24.50

24.00

2350

23.00
11 13 15 17 19 21 22 24
Trip_time
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‘ Priklad naplnovani algoritmy: Prediktivni optimalizace fizeni hybridniho vozidla

Centrum kompetence
automobilového promyslu

Josefa Bozka

Simulation with an ICE
(WLTC)

Examples for standard

Velocities - Average Speed 52.7km/h
Engine Power Limit 50kW Fuel Cons.37.5 kWh/100 km

5000
4500

3000

Velocities - Average Speed 52.7km/h
Engine Power Limit 50kW Fuel Cons.35.0 kWh/100 km

4000

Ceské republiky

shifting schedule and o
shifting for optimum -
efficiency S ° o
Extra torque at low speed
Covered by hybrid eleCtriC Engine Po\fs‘eorclﬁsistisg\l/jl\r/aiizréi:j;;;r;\{\?h/loo km Engine PO\/MTL()rCIi:FI[TfiSt-Slg\lifl\rlagl:iZFEE:;DSZ;(I)(Txh/l()O km
motor — extreme optimum
case — and limited torque /—~— /—-
10 kWh = 1 dm? of diesel oil :.. %
PC With eXtremely |OW ro”ing ) 1060, 1500 2000 2500 ) ° 500 1000 500 2000 2500 3000 3500
resistance
g e see 2
5 I ﬁ”?/ /\\)
=u'l :l 1 n
T A ~
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‘ Priklad naplnovani algoritmy: Prediktivni optimalizace fizeni hybridniho vozidla

= Statistics of used elom) 5 s G e o o ws ws s s o wm ws  w a
operation modes 7 |
in engine map oom
Speed-Power s
= Order according e
to the work E "
devoted to o ERE
different : e
operation modes T e
clustered by A
adjuastable . -
speed and power 1 T ovos
steps 5 .
T A .
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Configurable Energy Consumption Model for Optimization
Structure

Based on:

.{Tw
‘A A . * power relations on the vehicle

velocity profile

based on trajectory
L — power units
Simulation STOP Stop Simulation g i
 route velocity profile knowledge
v Pmech . |Z‘/me integrator
a ?A ':\;3: 3 dpower gear_ratio
alfa cn Ptep N
— - = Pmech To Workspace1
driving power relations Terminator 1
alfa — 4,—) Mm ot Pdrive >
time Mdr Mo
Teomfort engaged gea:\lrr;t‘i}; el Integrator
Tair i ? R total gear ratio drive efficiencies per time
+
ROUTE ‘ Gearbox and clutch  Temminator? + Wiot
| >t ] Add To Workspace
Lahd ’—b Ptermal Ptermals > —
th |
P alfa Pthermal eTma’ power S
P Tcomf Thermal efficiencies Integrator
) per time
| Tair
- - - Themal management .
Input: velocity profile in Output: total energy

dependence on the consumption consumed

trajectory length —————— along input road

-]

A
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Trajectory Driving Configurable Energy Consumption
knowledge resistances Model for Optimization

MS— Details

Simulation STOP Stop/Simulation

v Pmech -
a ‘ I:\:Igtr diive poer \ gear_ratio
alfa fcn Pt 5 Prech

— - To Workspace1
driving power relations Termirator _— orive
Mm ot I
Mar Nmot ‘—’—Mt |
y &N ed |

ati
total gear ratiSEplE drive efﬁci\ncies

Gearbox and clutch Terminator2

tot

Wolkspace

thermal power Ptemal T*ter -
|

Thermal efancies

Themal management Thermal Efficiencies |ntegrat0r5 Total energy
management relations per time consumption
T A ~
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\ Program DASY

Popis plnéni balicku WP01VaV znalostni databaze projektu Design Assistance SYstem - DAS)

=

Priklad vazby DASY na Pro/E Model 1
Fxternal '3 = g0=/ I externi metody pro .
CAD i simulace
Software 1 el PR
Pro/E Model
Konstrukce

i FFr:

Konstrukce
| Konstiukce

External
Software 3

External Dalsi model

Method 3
Plugin ' Dalsi model —




Centrum kompetence automobilového priimyslu Josefa Bozka

FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. az 2. 11. 2017, Roztoky -

STROJNI
CVUT V PRAZE— E - _ _ —
Popis obsahu balicku WP01VaV znalostni databaze projektu Design Assistanc

SYstem - DASY
Parametricky model klikového mechanismu dieselového motoru
vrtani 75mm az 100 mm
Stanoveni parametri

_ROD_HRC]

PIST_DIA

PIST_LEN

C———

ROD_LCR

PIST_RING1

PIST_RING2
PIST_RING3

PIST_LEN1

PIST_ZCOM ,,

_ PISTCIEN

_Il_PIST_piNOFF

KZ=—— 1 KONTROLA

POLOHY CEPU
T
i i%
| E /
NG

‘ K]
_pISTRODT
PIST XCOM || PISTPINDIA | _ | cHAMBR w

_—KONTROLA
TLOUSTKY DNA

K1 —=

‘
PIST_RODW.

_ (HAMBR D2 _

_PIST_RODW _
_ CHAMBR D1 _

T A
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Popis pInéni balicku WP01VaV znalostni databaze projektu Design Assistance
SYstem - DASY

Vypocet rozméri dilti klikového mechanismu

o H S il vjpatet mtan TEST et B4 2L - KONTROU sk - B T E - o ox

" \Vygenerovani
35 parametrt dilu

F F T 5 T F & F & F kbbb b T Joleo ol | I »
e — 1 - e | pist-100.dat - Poznamkovy blok = =]
] B 5 ] s R 0 5 e [ S o [ RN [ [ o | - . .
ma [ [ms fmz [sss [wos [1es [so1 [seo [sue [;a [ms |ms Jeso [s1 [mo |ma |mo s ms [z [ [mo |me s fma [na fmm 0 fus Soubor Upravy Format Zobrazeni Napovéda

pan oo Joao [0 [ne0 [sao [sa0 [sa0 oo Jss0 [se0 [sa0 a0 [sa0 [0 [8a0 sao [sa0 [sa0 [nao [se0 [sao [sa0 Jsao [ns0 Jas0
s o7 |nws |mer o [zson |1s00 |s3so |osas |oom s [sswe |sas |oise |usot |imr e |wse |nes o [swer |esa |waes |aam

ER 3 3 3 & J& ¢ f& s |5 s s [ |5 |8
osss osss |nssa [osss [noes [omes [ness [oses Joass Joss foss [oass Jnase [osss Juaws fosss Joam [oaas [nass [oss oo [oaws [oass [oass fox

oo oo oo s | PIST_DIA = 100 -
0 i PIST_LEN = 90
81
56

PIST_LENL
PIST_CLEN
PIST_ROD_D = 49
PIST_ROW = 38
PIST_ROWL = 28
PIST_ROD_L = 31

26 | |3 [ma [ms [ma

71 |ma |me |aso |sa1 |mo |ma

200 [0 |awe |ma |ma

4 _jus s 03 |14 |

1309 |i3as [1e Joms fon fuss b wss Jse [sms s fsos les jmo [ma fer’

R T N T T T T T T PIST_PINOFF = 1
a It Juo a2 ss 55 2 o [6s [se |57 55 [se |es |sa |se | CHAMBR_D1 53

) Lo L1 L2 |os e 1 P2 jos 1o 11 L2 0,9 L0 11 1.2 -Ha 1.2
7 o oo fas |ver |im | lawr i | i i e (st [ven [ s Josr o CHAMBR_D2 59
7 Joazz Josst Joam [or Joes [oan foasz Joams Jozm Josoo Josao [0as9 Joaso fozm Jowr foass s | | CHAMBR_W = 16
s |mo | [ e lms [me fus oo Jee [ [sm fus fn e e | [ |us w fer Jss |ss Jso [ [ [me [ma o
T N N N N N N O N O N i RINGL_THK
sz Jam  |ise |ams fsss [ [sas [sos |ora Jnes fazs fons frso [nas (s [es Jam Jaso [nas |noo |nor oso [sse [sos [rase [1uss fruse [ e - RINGZ_THE
ie. PeV,CLD en Pe 13 konstant pritok motorem | mérnd spotfeba ¥ 0 -

RING3_THK
PIST_RINGL
PIST_RINGZ
PIST_RING3
PPIN_DIA = 7

o
Fud

[
rJ
[
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PInen| cild a vysledkd, spInéné vysledky balicku WP01VaV znalostni databaze
projektu Design Assistance SYstem - DASY

—— < Vygenerovani soucasti
v Creo Parametric

PIST_DIESEL_AL_85-3 {Active) D:APTCvzorove-dilylpist-vzoripist_diesel_al_85-3.prt.11 - Creo Parametric.

BOSE- - 280+

Filew | | Model | Analysis An

[ PIST_DIESEL_AL_85-3.PRT
LT RIGHT
£77T0P
7 FRONT
3xPRT_CSYS_DEF

b ok Revolve 1
7 R-GEPUH

Clipping State:1

T A
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‘ PInéni cild a vysledkd, spinéné vysledky balicku WP01VaV znalostni databaz
projektu Design Assistance SYstem - DASY

=X =Ry -]

*| | Model

Vygenerovani soucasti
e v Creo Parametric

......

L]

-]

A
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‘ PInéni cil( a vysledk balicku WP01 VaV znalostni databaze projektu Design
Assistance SYstem - DASY

PInéni dilcich cild, milnikt a vystupii

WP01C04: Vytvoreni struktury databaze DASY a jeji naplneni priklady
provedeni hnacich jednotek i vozidel. (CVUT a dalsi)

NapInéni DASY konkrétnimi vzorovymi postupy provedeno.

Prehled vysledkii a jejich plnéni

WP01V005: Design Assistance System DASY pro virtualni vozidlo s
implementaci verejné dostupnych vysledkd projektu. 11/2017

Integrace verejné dostupnych struktur virtualnich vozidel s hnacimi
jednotkami a dalsimi moduly, jejich vazbami na parametry a na metody
vyvinutymi v ramci WP 02-09, WP 12-22 a WP26 provedeno formou
OntoDASY.

Odkazuje se na konkrétni vysledky, u nichz Ize dohledat vazbu na ontologie
konstrukce (rozpadu) vozidla, inzenyrskou cinnost, relevanci pro rtizné faze
navrhu i konkrétni pracovni balicek projektu.

T A
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avigation

Josef BoZek Research Center for

Automotive Industry

> WP sheet testing by user

~WP01 - VaV znalostni databaze
projektu Design Assistance SYstem -
DASY
« DASY 2.0
« DASY v 1.0
» Drive Model of Hybrid Vehicle
« Drive Model of ICE Vehicle
» Model jizdy elektromobilu
« Onto DASY

» WP02 - Pokrocilé systémy pro
pfipravu smési a spalovani pfipravené
smési s vysokou Ucinnosti a nizkou
emisi Skodlivin

« WP(3 - Pfizplsobeni motord
alternativnim palivim a inovativni
systémy pro sniZeni znecisténi a
emisi GHG

« WP04 - Pokrocilé systémy vymény
naplné valce a aerodynamily
potrubnich systémd s cilem snizeni
spotfeby paliva/sklenikovych plynd

« WP05 - Virtualni termodynamicky
motor — SW pro simulacifoptimalizaci
spalovani

« WP06 - Turbodmychadla a vykonové
turbiny — aerodynamicka optimalizace,
dynamika rotord a pfifazeni pro Géinné
prepliiované motory

« WPO7 - ZlepZeni névrhu hnacich traktd
vozidel s vyuZitim virtualni hnaciho
traktu

» WP08 - SniZovani mechanickych ztrat
pohonnych jednotek

« WP09 - Vstfikovaci zafizeni pro
spalovaci motory s vy35imi technicko-
ekonomickymi parametry a nizkymi
emisemi

« WP10 - Konstrukce cenové pfiznivych
motord pro rozvijejici se trhy a

nrodluFovade doierdu elektromohil
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ANNOTATION - GOALS

Implementace zakladni varianty DASY pro nasledné napliiovani struktur pro transfer parametra. (CVUT,
VUT v Brné, Ricardo a dalsi)

Po wvinuti zakladni struktury DASY na GVUT byl jeji koncept pfedan kimplementaci a dopliiovani konkrétnino obsahu u partnerd. Partnefi implementovali ve svich wipogetnich prostfedcich DASY tak, aby mohli ukladat
konkrétni obsah wbranych modull na zakladé své licasti ve vEech dalich balitcich. Vyinuté datové struktury vstupd a vistupl metod a parametrizace zakladnich komponent budou vzajemné pfedavany a doplfiovany.

Vlyzkou$eni funkénosti databaze DASY pro optimalizaci hnaci jednotky vozidla z hlediska dojezdu na
prikladu hnaci jednotky elektromobilu. (CVUT, VUT v Brné)

DASY se zkladnimi komponentami bude vyuZita pro komplexni optimalizaci hnaci jednotky elektromobilu vetn& akumuldtord z hlediska dojezdu s vazbami na hmotnostvozidla a jeho odpory, na rekuperaci energie pro
dobijeni akumulatord, topeni a vétranilklimatizaci vozidla a dynamiky vozidla za riznjch provoznich situaci. Bude sledovana TTW spotfeba energie pro ocenéni rediného pfinosu elektromobilu ke snizeni emisi sklenikovich
plyni

r

Viytvoteni struktury databaze DASY a jeji naplnéni piiklady provedeni hnacich jednotek i vozidel. (CVUT
a dalsi)

Hlavnim dil&im cilem celého baliZku je zkrdceni Easu mezi vizkumem koncepce a aplikaci inovovaného virobku na trhu (time-to-market, TTM) 0 cca 30% vyuZitim shromaZdénych zkuSenosti z pfedeXijch feseni a véasnym
wlougenim slepjch uliek vivoje v jeho poéatetni fazi. Tento cil bude moZno testovat na praktickych piikladech aplikaci DASY

ABSTRACT {IN ENGLISH)

WP (ARIT according to the type-of-R&D classification above) creates a backbone for the whole project, making the results generally applicable in the future by applying DASY (Design Assistance SYstem) - see also
Bogomeolov S. et al., SAE Paper 2011-37-0030. The basic goal is reduction of ime for R&D by linking separate results into the knowledge database and by associating the developed tools (simulation or experiment) into the
commeon system, available to all partners as a base for sharing data and other knowledge entities. It creates a fundament of the holistic approach to the vehicle or engine design and conserves all results obtained during
feasibility, concept or parametric studies of advanced vehicles and powertrains.

It solves SRA goal [F] according to priorities description above with basic milestones in 2015 and 2017.

LINK(S) TO ONTOLOGY: TECHNICAL DOMAIN

Methods for car body design - passive safety

Methods for advanced and integrated control design
Powertrain design (ICE, transmission and electric components)
Suspension and steering design

LINK(S) TO ONTOLOGY: ENGINEERING ACTIVITY

Conceptual design

Design of components

Simulation methods suitable for design

Experiment metods suitable for calibration of simulations and validation of design features
LINK(S) TO ONTOLOGY: CLOCKWORLDS

Structural model
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© More applications

Navigation

~ Josef Bozek Research Center for

Automotive Industry

> WP sheet testing by user

~WP01 - VaV znalostni databaze
projektu Design Assistance SYstem -
DASY
« DASY 2.0
« DASY v 1.0
= Drive Model of Hybrid Vehicle
« Drive Model of ICE Vehicle
« Model jizdy elektromobilu
« Onto DASY

« WP02 - Pokrogilé systémy pro
pfipravu smési a spalovani pfipravené
smési s vysokou Ucinnosti a nizkou
emisi Skodlivin

« WP03 - Pfizplsobeni motord
alternativnim palivim a inovativni
systémy pro sniZeni znecisténi a
emisi GHG

« WP04 - Pokrogilé systémy vwwmény
naplné vélce a aerodynamiky
potrubnich systémi s cilem snizeni
spotfeby paliva/sklenikowjch plynd

« WP05 - Virtudini termodynamicky
motor — SW pro simulaci/optimalizaci
spalovani

» VWP06 - Turbodmychadla a wkonove
turbiny — aerodynamicka optimalizace,
dynamika rotord a piifazeni pro (&inné
prepliované motory

« WPO7 - Zlep3eni ndwhu hnacich traktd
vozidel s vyuZitim virtualni hnaciho
traktu

« WPO08 - SniZovani mechanickych ztrat
pohonnych jednotek

« WP09 - Vstfikovaci zafizeni pro

spalovaci maotory s vy3Simi technicko-

Drive Model of ICE Vehicle

Last modified by Jan Macek on 2017/10/26 1706

FULL TITLE OF THE RESULT
ICE Driving Simulation v3

ANNOTATION (IN ENGLISH)

The code is focused on simulation of vehicle longitudinal dynamics for the route defined by sections including velocity, weather, adhesion and traffic constraints. The route is prepared before
the trip starts. The code can be used for re-optimizing it according to up-dated situation during a trip. The engine map is substituted by regression model of ICE efficiency and torque WOT

curve with accuracy of 2%. Powertrain is defined by transmission ratios and mechanical efficiency. All driving resistances are involved. Load can be changed between route sections.
Constraints of available power or torque, speed limit use, braking deceleration and use of adhesion limit including gears used for different sections are subjected to optimization, done by

external code and using genetic algorithm.

LINK(S) TO ONTOLOGY: TECHNICAL DOMAIN

IC engine maps

Vehicle integral parameters

LINK({5) TO ONTOLOGY: ENGINEERING ACTIVITY
Goal of the activity

Tool for data finding

LINK(S) TO ONTOLOGY: CLOCKWORLDS
Evaluation

DESCRIPTION OF RESULT
1. Prediction of Engine Road Performance

1.1 Engine Brake Efficiency and WOT Representation

The prediction of engine features in road operation can be based on simplified vehicle, ICE and transmission model. Driving test fuel consumption should be predicted, as well. It is impossible

to find the testing modes for optimization purposes of air loop without obtaining an idea on typical operation modes.

The result of brake efficiency regression together with WOT curve is shown for a four-stroke engine. The procedure, which can be used both for ICE. e-motor and e-generator, has been tested

on a wide range of machines. WOT limit can be set independently on the map. The example of accuracy for engine in consideration is in figure.

Centrum | bilového primyslu JosefaBoika ===
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‘ OntoDASY

e Zakladnim pozadavkem je engine Wikipedia, ktery je vybaven
moznosti sémantického indexovani. Pouzita Xwiki, naplnéna
ortogonalnimi ontologiemi a naplfiovana vzory vysledkd.

e Vyvojové verze na platformé XWiki je k nahlédnuti na
Pristup maji resitelé bali¢kl, na pozadani pridélime pasivni
pristupova prava vsem zajemcim.
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Dekuji :
TA CR za poskytnutou podporu
kolegynim a koleglim za vzornou spolupraci

Vam za pozornost a za dotazy
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Abstract of WP01 Design Assistance SYstem - 2017

Development of OntoDASY as upper-level expert system with
qualitative information to DASY v.2.0 based on XWiki

OntoDASY:
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Souhrn Cinnosti WP01 Design Assistance SYstem - 2017

Vyvoj expertniho systému OntoDASY poskytujiciho

Aplikace postupu podle of DASY v.2.0 pro konstrukci
kvalitativni informace zalozeného na XWiki

realnych parametrlckych modeld hlavnich dllu motoru
'vyzkousena Y reamycn poamlnkacn‘
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Design Assistance SYstem — DASY -
Applied to hybrid car and ICE

DASY links components, parameters and
methods: simulation (input from CAD), CAD
(input of results from simulation) and

Batterry
batery | B
usa @

Motor/Generator

o ==
ice b4
Reciprocator

Clutch
..... fgenerator g
Motor/Gi tol

i ——

Motor/Generator

Centrum kompetence automobilového priimyslu Josefa Bozka

Centrum kompetence
automobilového promyslu
o Josefa Bozka

FAKULTA - AutoSympo a Kolokvium Bozek 31. 10. aZ 2. 11. 2017, Roztoky -

s K Compressor
Turbine

enerator
Motor/Generator

r
Flywheel ygDiffatentiaty L_ﬁ’:f.
e @ [z [0 |8 g BT
= 8
N Battery
CVT
Transmiss| C]utch?
‘ motor
Motor/

experiments (calibration inputs for
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results yielded in the project.

It enables the holistic approach to
powertrain optimization starting at early
stage of design by combining previous
experience condensed to empirical
algebraic relations with virtual engine
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CAD- parametac design af X

ASY v. 2.0 R e S
_>lution of reverse (or any other) task. Separation
of model and task definition. Known and unknown
parameters are defined after the model definition. Link to
external procedures.

Gauss-Newton algorithm and response surfaces.
Advanced multi-objective optimization algorithm
based on SPEA2 genetic algorithm with support of
constraints.

Interaction with any existing software packages -
data to/from files. Interaction simulation =
parametric CAD with optimized changes.
OntoDASY for qualitative information.
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Abstrakt WPO01 Znalostni databaze
projektu — DASY 2012-2017

DASY spojuje komponenty, parametry a
metody: simulace se vstupy z CAD, konstrukci
v CAD se vstupy z optimalizace a experimenty
(kalibracni vstupy pro simulaci). OntoDASY je
expertni systém, spojujici vysledky projektu s
realnymi konstrukcemi.

Umoznuje holisticky pFistup k optimalizaci
hnacich jednotek vozidel od ¢asné faze navrhu
kombinaci zkusenosti soustfedéné do
empirickych konstrukcnich smérnic s
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Reseni inverznich a dalSich nekonﬁlencmch»uloh.
“"0ddéleni definice modelu a Ulohy. Zavislé a nezavislé
parametry se definuji mimo popis modelu. Je mozné
pouzit vazbu na externi procedury. Gauss-
NewtonQv algoritmus a regresni nahrada vysledk{
slozitych externich procedur.
Pokrocily vicekriterialni optimalizacni geneticky
algoritmus SPEA2 s omezujicimi parametry.
Interakce je mozna s jakymkoli existujicim SW
pouzivajicim vstupni/vystupni soubory.
Zpétna vazba optimalizovanych proménnych na
parametricky CAD.
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