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WPO1 VaV znalostni databaze projektu Design Assistance SYstem - DAS

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. Hrdli¢ka, Viysoké uceni technicke v Brne P. Novotny, Vysoka Skola
banska - Technicka univerzita Ostrava Z. Folta, TUV SUD Czech s.r.0. 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 zkuSenosti z predeslych feSeni 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 nejblizsi obdobi

Zakladni verze predana partnerdl, béhem 2014 testovana verze 2.0 a doplnény vybrané
priklady vystupl. Dosazen milnik (dalsi snimek).
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WPO1 VaV znalostni databaze projektu Design Assistance SYstem - DASY

Milniky, aktivity a dilci cile

WP01MO01: Softwarovy nastroj pro konzervaci a opakované pouziti
znalosti s predanim prazdné zakladni struktury DASY. (CVUT). 2014
—  PFedani na VUT v Brn&, VSB-TU Ostrava, TU v Liberci, RICARDO Prague, TUV SUD Czech a
konecné do SKODA AUTO a Honeywell. Workshop v Cervnu, individualni konzultace pokracuii.

— Vytvoreny adaptivni nastroj pro konfiguracni optimalizaci vozidel bude dodan vsem partnerim a
béhem dalSiho vyzkumu upraven podle jejich pozadavkd — v2.0.

Aktivity
WP01A02: Vyvoj elementd DASY (struktur, parametrd, metod) u partnerl - 2014.
WP01A04: Ukladani znalosti i ontologii, jejich opakované pouziti a prostredky konfiguracniho navrhu. 2014

WP01CO03: Vyzkouseni funkCnosti databaze DASY pro optimalizaci hnaci jednotky vozidla z
hlediska dojezdu na prikladu hnaci jednotky elektromobilu. (CVUT, VUT v Brné) 2015

DASY se zakladnimi komponentami bude vyuZita pro komplexni optimalizaci hnaci jednotky elektromobilu véetné akumulator( z hlediska
dojezdu s vazbami na hmotnost vozidla a jeho odpory, na rekuperaci energie pro dobijeni akumulatord, topeni a vétrani/klimatizaci
vozidla a dynamiky vozidla za rliznych provoznich situaci. Bude sledovana TTW spotfeba energie pro ocenéni realného prinosu
elektromobilu ke snizeni emisi sklenikovych plynd.

WP01C04: Vytvoreni struktury databaze DASY a jeji naplneni priklady provedeni hnacich
jednotek i vozidel. (CVUT a dalsi) 2017

Hlavnim dil¢im cilem celého balicku je zkraceni ¢asu mezi vyzkumem koncepce a aplikaci inovovaného vyrobku na trhu (time-to-market,
TTM) o cca 30% vyuzitim shromazdenych zkusenosti z pfedeslych feSeni a v€asnym vyloucenim slepych ulicek vyvoje v jeho pocCatecni
fazi. Tento cil bude mozno testovat na praktickych prikladech aplikaci DASY. Ucast vsech ¢lent pracovniho balicku.
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WPO1 VaV znalostni databaze projektu Design Assistance SYstem - DASF

Popis vykonanych praci - vystupy
TE01020020DV003: Vysledky srovnani ruznych koncepci elektromobilt v prostfedi
DASY. (CVUT) 2015

Jako priklad aplikace DASY s praktickymi vysledky pro pracovni balicky WP18 a
WP19 bude provedeno srovnani riznych koncepci pro konkrétni elektromobil se
zahrnutim interakci mezi konceptem pohonu, hmotnosti, energetickou spotfebou a
dojezdem.

Vysledky
TE01020020V055 WPO01: DASY s implementovanymi pfiklady komponent virtualni hnaci
jednotky — 3*typ R, 2*typ X — 2014

Design Assistance System DASY s priklady konkrétnich virtualnich hnacich jednotek a jejich komponent (spalovaci motor,
mechanicka prevodovka, fidici systém hnaci jednotky atd.) spolu se zjednoduSsenym modelem virtualniho vozidla a jeho jizdy.

1. DASY s impelementovanym modelem plnicich skupin - program pfipraven, pouzivan s PBS
Turbo mimo projekt.

2. DASY s optimalizatorem jizdy vozidla — program pfipraven, pouzivan se Siemens LMS
mimo projekt

3. DASY s modelem trasy - — program prfipraven, pouzivan se Siemens LMS mimo projekt
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WPO01 VaV znalostni databaze projektu Design Assistance SYstem - DASF
Popis vykonanych praci —ostatni vysledky

Vysledky ostatni 2*X

TE01020020V055 WPO01: DASY s implementovanymi pfiklady komponent virtualni hnaci
jednotky — typ R — 2014

Dolecek V., Macek J., Barak A., Vitek O., Bogomolov S., Mikulec A.: Comprehensive Approach for Optimal Diesel
Engine Downsizing Combining Thermodynamics and Design Assistance System. SIA Paper, SIA Diesel
Conference Rouen 2014

Bogomolov S., Macek J., Mikulec A., DoleCek V., Vitek O.: Combining Thermodynamics and Design Optimization
for Finding ICE Downsizing Limits. SAE 2014-01-1098 ISSN 0148-7191 http://papers.sae.org/2014-01-1098 16 pp.
Vitek O., Macek J., Dolecek V., Bogomolov S., Mikulec A.: Realistic Limits of ICE Efficiency. FISITA Maastricht
F2014-CET-051, 10 pp.

Bogomolov S., Macek J., Mikulec A., Novotny T. Kazda J.: EARLY STAGE OPTIMIZATION OF CRANKSHAFT
MASS USING DESIGN ASSISTANCE SYSTEM (DASY). FISITA Maastricht F2014-LWS-024 , 10 pp.

Bogomolov S., Macek J., Mikulec A., Dolecek V., Valasek M.: Early-stage assessment of innovations for vehicle
powertrains using Design Assistance System. TRA 2014 Paris, 10 pp

Workshopy
14. 6. 2014 k DASY a WP06
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_Poplis plneni balicku WP01VaV znalostni databaze projektu Design Assistance
SYstem - DASY

Descriptive model definition allows solution of reverse (or any other) task.
This is achieved by separation of model and task definition. Known and
unknown parameters are defined after the model definition.

Flexible and robust numerical solver based on Gauss-Newton algorithm
supports flexibility in model definition.

Advanced multi-objective optimization algorithm based on SPEA2 genetic
algorithm with support of constraints.

Input and output files mechanism allows interaction with any existing
software packages that support reading
and writing data to/from files. As an example
of utilization of this feature, an optimization

of piston pin was done using DASY and ABAQUS
software.
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_Pob'is plneni balicku WP01VaV znalostni databaze projektu Design Assistance
SYstem - DASY

Based on last years but amended cuz G

e Plugins system allows extension of DASY capabilities
according to specific tasks.

e Built-in plugin to work with Microsoft Excel
files. Optimization of crankshaft was performed
using DASY and algebraic model of crankshaft
implemented in Excel file.

e Built-in plugins to work with different CAD systems allows transparent
connection of DASY parameters with CAD model parameters and two-ways
interaction. This allows both, update of CAD model using results of
computations and update of DASY model parameters using data from CAD
model.

e Each block that communicates with external software can use results
caching to minimize the number of needed external computations.
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_Popis plneni balicku WP01VaV znalostni databaze projektu Design Assistance
SYstem - DASY

e Response surface methodology (RSM) explores the
relationships between several explanatory variables
(variables) and one or more response variables
(responses). To build a response surface we
compute responses in all points in specified
variables range with defined step.

Approximate values of responses can be evaluated
in any point, that belongs to the initial variables
range, without the need of computation in that
point. Implemented algorithm uses Multi-Linear
Interpolation.

Crankshaft optimization using DASY and ABAQUS
was performed with utilization of

the response surfaces.
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_Popis plneni balicku WP01VaV znalostni databaze projektu Design Assistance
SYstem - DASY

Numerical solver in DASY is based on Gauss-Newton method and solves
systems of non-linear algebraic equations. These equations can be directly
defined in DASY, or constructed automatically using external computations.

Any external computational procedure can be represented as
y = f),

where x is an input, y is output and f is a transformation that is done by some
external computational procedure on x to obtain y.

This can be an FEM/CFD simulation, or some in-house algorithm in
MatLAB or standalone application. This procedure is treated by DASY as a
nonlinear equation and solved using the numerical solver. DASY does not need
to know what happens inside f, one can define y as knowh and x as 'unknown
and DASY will find the solution as it was a normal algebraic equatlon This
would be a solution of a reverse task. -
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Popis pIn|' balicku WP01VaV znalostni databaze projektu Design Assistance
SYstem - DASY
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External computational procedure is treated as a nonlinear algebraic equation.
DASY does not need to know what happens inside it.

Output y can be defined as known and input x as unknown, and DASY will solve
it as it was a normal equation using an implemented numerical solver.
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_Popis plneni balicku WP01VaV znalostni databaze projektu Design Assistance
SYstem - DASY

e Development of suitable connecting tools between 3-D CAD
and 1-D and 3-D models of thermodynamics, aerodynamics,
hydrodynamics and tribology, dynamics of mechanisms,
mechanical and thermal stress analysis, etc., especially for
backward way analysis —design using parametrlc and
configuration design levels

o Example: finding optimum IC rightsized engine for future
vehicles inside limits of physics including assessment of
dynamic load response and suitable control algorithm. Fully
unconstrained optimization.

e Optimization procedure for comblned thermodynamic engine
simulation (peak pressures), stress analysis and engine
concept de5|§f ?DASY), friction prediction for high
loads and finally engine dynamics and control design.
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Popis pInéni balicku WP01VaV znalostni databaze projektu Design Assistance

SYstezsy DASY
s Y _
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CAD Model

Design #1.:

e Bore: 80 mm

o Stroke: 82 mm

e Bore spacing: 95.43 mm
e Main bearing: 95.83 mm
Masses:

e Crankshaft: 16.97 kg
e Block: 26.95 kg
e Qil pan: 6.76 kg

e Head: 10.02 kg
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CAD Model

Design #3:

e Bore: 61.23 mm
e Stroke: 100 mm

e Bore spacing: 73.06 mm
e Main bearing: 84.12 mm

Masses:

e Crankshaft: 12.97 kg
e Block: 23.75 kg
e Qil pan: 7.21 kg
e Head: 6.88 kg
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Engine Torque [Nm]
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Optimized Fixed Geometry Engine

Displacement 1.18dm?3, max BMEP 35 bar:
longer stroke better at extreme downspeeding only
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PInéni cild, milnikl a vystupd, spinéné vysledky balicku WP01VaV znalostni
databaze projektu Design Assistance SYstem - DASY
PInéni dilcich cild, milnikt a vystupt
WPO1MO01: Softwarovy nastroj pro konzervaci a opakované pouziti znalosti s
predanim prazdné zakladni struktury DASY. (CVUT).
Pfedani na VUT v Brneg, VSB-TU Ostrava, TU v Liberci, RICARDO Prague, TUV SUD
Czech a konecneé do SKODA AUTO a Honeywell. Vytvoreny adaptivni nastroj pro
konfiguracni optimalizaci vozidel bude dodan vsem partnerlim a béhem dalsSiho
vyzkumu upraven podle jejich pozadavkd.

Prehled splatnych vysledkii a jejich plnéni
Jako priklad aplikace DASY s praktickymi vysledky pro pracovni balicky WP18 a WP19 bude

provedeno srovnani rliznych koncepci pro konkrétni elektromobil se zahrnutim interakci mezi
konceptem pohonu, hmotnosti, energetickou spotfebou a dojezdem 2015.

Vysledek:

Design Assistance System DASY s priklady konkrétnich virtualnich hnacich jednotek a jejich
komponent (spalovaci motor, mechanicka prevodovka, fidici systém hnaci jednotky atd.) spolu
se zjednodusenym modelem virtualniho vozidla a jeho jizdy. V pripravé pro konec r. 2014
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DASY Server
DASY Server s ™~
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Some engine model:
Type: S|
: Geometry: Inline
Some engine
Strokes: 4
model : :
Charging: Atmospheric
Volume: 1.6l
Valvetrain type: DOHC
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"Navrh dalgiho postupu v balicku WP01VaV znalostni databaze projektu Design
Assistance SYstem - DASY

Navrh dalsiho postupu véetné navrhli na spolupraci a realizaci
vystupii

Predani prazdné struktury DASY s fesi¢i a objektove orientovanym
pristupem pro plnéni postupy u Gcastnikd.

Dokonceni vazeb na GT Suite a algebraického modelu motoru.
DoplInéni vyvinutého modelu vozidla pro optimalizacni proceduru jizdy.

Vazba GT Power se zlepSenym modelem turbiny
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SYstem - DASY

Prilohy
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e Optimization results at 4000 RPM

o Different optimization boundary conditions, variability using both standard
ways (Common Rail FIE, VVA, VGT, etc.) and yet unknown or partially
known ways (stroke, compression ratio, etc.). Unconstrained by combustion

Brake Specific Fuel Consumption [g/kWh]

duration or TC efficiency.

212 Optimized mean
210 piston speed
208 -
206 -
Total turbocharger
204 - ..
efficiency 60 %
202 -
200 -
198 1 Combustion duration
196 | (reference combustion
194 | | | | | 85 angle) 35 deg
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3. Results of Optimization at Full Load

Fixed geometry of the engine

210 Optimal stroke
1000 120 mm
T o RPM
% 1500 104.2 mm
o RPM
@ 200 2000 88.4 mm
: : : : : : : RPM
VOO N S N S e 20mm 4000 549 mm
: : : : =i-stroke 88.4mm RPM
1 1 1 1 optimized stroke
190 : : : : % % % %
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Driving Cycle Simulation Results
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DASY

Abstract of WP01 Design Assistance SYstem - 2014 ™™™

Al
e
o

@ ® 6
- ﬂ - == == DASYwv. 2.0
@ I S
% ‘ Solution of reverse (or any other) task. Separation
o= % e 4@) of model and task definition. Known and unknown

@é@i % parameters are defined after the model definition. Link to w0
external procedures. PN
of=—Gauss-Newton algorithm and response surfaces. — =~
: . Advanced multi-objective optimization algorithm T

based on SPEA2 genetic algorithm with support of

o= = = e  COnstraints.

' @ @ Interaction with any existing software packages -
@ data to/from files.

Interaction simulation = parametric CAD with
optimized changes.

vehicle speed [km/h]

Different levels of models
— example of engine
turbocharging model:
algebraic equations (fast
turbocharger matching)
or GT Power or specific
detailed additions to GT
Power or 2-D or 3-D
models.

Example of unconstrained full optimization
of diesel downsizing (SAE 2014, FISITA
2014, SIA Rouen 2014) — from single point |
optimization through stready operation to "‘

ARTEMIS testing cycle.
Engine dimensions changed from bmep 25
bar till 40 bar to withstand optimum peak £
pressure. Impact on engine weight, dynamic
response, friction losses, manifold design, ‘
etc. s
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» o ReSeniinverznich a dalSich nekonvenénich dloh. Oddé&leni

®%F N /FI =~ T 7" definice modelu a Glohy. Zavislé a nezavislé parametry se definuji
ol e s oo mimo popis modelu. Je moioné poui_l't vazbu na ex’tell'ni
' ® ® ' procedury. Gauss-Newtonuv algoritmus a regresni nahrada
o éiéi % o vysledkd slozitych externich procedur.
T Y Pokrocily vicekriteridlni optimaliza¢ni geneticky algoritmus .
of - SPEA2 s omezujicimi parametry. £ .
J Interakce je mozna s jakymkoli existujicim SW pouzivajicim % 20 T
fl® vstupni/vystupni soubory.
, i Zpétna vazba optimalizovanych proménnych na o oo e ‘
of= == 2+ =0 parametricky CAD. BASY T '
t ® ® Input: x £ o
@ Numerical solver ?% 0.0
e wa | 1]
Pfiklad UpIné optimalizace stupfiovani .. Ouputy |

Time [s]

L 5 . mérného vykonu vznétového motoru bez
Ruzné urovne modell — omezujicich parametrd (SAE 2014, FISITA

pfiklad pro pfeplfiovaci 2014, SIA Rouen 2014) — od optimalizace |
skupiny pro rychlou jednotlivych provoznich rezim{ pres L
volbu pomoci optimalizaci UpIné charakteristiky po testy A
algebraického modelu  odezvy a spotteby paliva v cyklu ARTEMIS. g
nasledovaného GT Rozméry motoru ménény od p, 5
Power nebo specidlnimi 25 bar po 40 bar podle optimalizovaného :
2-D or 3-D modely. Prmax- DOsledky pro hmotnost motoru, jeho

tfeci ztraty, odezvu na dynamické zatizeni

atd.
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General process of component level X opi{imization‘

Requirements on

v T
Database DASY of &=, Check of completeness
features of X

+—

prototypes of X and of the set (‘)fiarameters

evaluated normalized
(specific) parameters
(per required
parameter of X, e.g.,
/KW, IN.m, /kg ...)

Selection of methods —
estimation of X basic
parameters — transformation
of requirements by AM

Constraints for
X if already
known

i | Conceptual design of X

Seeking for local
optimum design —
optimization by
simulation. domain A

Selection (Ysimulation
methods - higher level
for main target
parameters;

.

automatic selection of
methods of lower level if
something is missing

H CAD - parametric design of X ‘

Seeking for local
optimum design —
optimization by
simulation — domain B
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DASY
Ingut X

Numerical solver

— Output: y—|

2500

= m&del d&ffition. Link to external

m and response

existing softwa

ith optimized changes.

DASY links components, parameters and methods:
simulation (input from CAD),
simulation) and experiments (calibration inputs for

CAD (input of results from

optimization starting at early stage of design by
combining previous experience condensed to empirical
algebraic relations with virtual engine models.
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DASY

Abstrakt WPO01 Znalostni databaze
projektu — DASY 2012-2014 e .
7 7 General process of component | ™ M -

— 1200

Requirements on
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Database DASY of S —
prototypes of X and

l evalug_ted normalized
(specific) parameters

features of X
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Seeking for local
optimum design —
optimization by
simulationg domain A

Selection of simulation
methods - higher level
for main target
parameters;

iteridini optimalizacni

ritmus SPEA2 s ome%‘) I

Seeking for local
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DASY spo;u;e komponenty, parametry a metody:
oo R simulace se vstupy z CAD, konstrukci v CAD se vstupy z AA

S e
f‘f}
\k
\
A\
N

optimalizace a experimenty (kalibracni vstupy pro
% s simulaci).

- = Umoznuje holisticky pristup k optimalizaci hnacich @ @ 6
jednotek vozidel od casné faze navrhu kombinaci

‘ = zkusenosti soustfedéné do empirickych konstrukcnich
?E ' smérnic s plnorozmérovymi simulacnimi metodami

virtualnich motord.
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