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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
Po vyvinuti zakladni struktury DASY na CVUT bude jeji koncept predan k implementaci a

dopliiovani konkrétniho obsahu u partnertl. Predani prazdné struktury 12/2012, dopliiovani
struktur vstupt a vystupl u partnerd 12/2013
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Milniky, aktivity a dilci cile
WPO01MO01: Softwarovy nastroj pro konzervaci a opakované pouziti
znalosti s predanim prazdné zakladni struktury DASY. (CVUT). 2014

— Predani na VUT v Brnve, VSB-TU Ostrava, TU v Liberci, RICARDO Prague, TUV SUD
Czech a konecné do SKODA AUTO a Honeywell.

— Vytvoreny adaptivni nastroj pro konfiguracni optimalizaci vozidel bude dodan vSem
partnerim a béhem dalSiho vyzkumu upraven podle jejich pozadavka.

Aktivity

WP01A03: Vyvoj integrované znalostni podpory navrhu konstrukce vozidla s
vyuzitim databazi komponent. CVUT 2013

WPO01A02: Vyvoj elementd DASY (struktur, parametrl, metod) u partnerd - 2014.

WO01CO02: Implementace zékladnivvarianty DASY pro nasledné napliovani
struktur pro transfer parametrt. (CVUT, VUT v Brné, Ricardo a dalSi) 2013

Po vyvinuti z&kladni struktury DASY na CVUT byl jeji koncept predan k implementaci a
dopliovani konkrétniho obsahu u partnerl. Partnefi implementovali ve svych vypocetnich
prostfedcich DASY tak, aby mohli ukladat konkrétni obsah vybranych modull na zakladé své
Ucasti ve vSech dalsich baliccich. Vyvinuté datové struktury vstupll a vystupt metod a

parametrizace zakladnich komponent budou 'vzajemne predavany a dopliovany.
A B Gesic epoiicy "IAI" kompetence
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Popis vykonanych praci - vystupy
TE01020020DV001 WPO1VOO1V: UkoncCené zkousky DASY z hlediska ukladani dat
a pruznosti definice struktury. (CVUT 2012)

Zakladni verze DASY 1 predana partner@im pro implementaci u nich. 2 workshopy k
zakladni filosofii a implementacnim problém0m (14. 5. a 27. 6.), 1 ke specialnim,
problémdm ukladani vysledkl experimentt (11. 3.).

TE01020020DV002 WP01V002: funkéni implementace DASY otestovana
prvnimi vlastnimi aplikacemi. (CVUT a dalsi) 12/2013

Vyvinuta zékladni prazdna varianta DASY 1, pfedana z CVUT, zprovoznéna u
partnerl bali¢ku a aktivné zvladnuta pro jeji dalSi vyvoj u partnera.
Na zakladé prvnich zkuSenosti a zajmu partnerd projektu i smluvnich partner
urychlen vyvoj DASY 2, ktera bude dostupna na konci r. 2013 (pfipraveny 3
publikace), a to s podstatnymi zlepSenimi v oblastech

— struktury pro obdobné komponenty pouzitelné vicekrat (poznatky z modelu

prepliiovaného motoru)
— obecny feSiC nelinearnich uloh
— vylepSené optimalizaCni algoritmy

V|
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Model

Component

Component

Relations

between

Component

parameters

Component  presiios

Component

Component

Parameters network

The model in DASY is represented as a set of components. Each component has a
set of parameters, structural requirements and files related to it. Each

component can have subcomponents and subassemblies. All components are
stored in the library and can be divided into classes.
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To any level of component or
model, the computational, design
or experimental methods are
linked. The methods may be
elaborated at different levels of
physical profoundness. The deeper
to the substance of phenomena
description the method is extended
to, the more data are usually called
for as input parameters.

Input and output parameters for
one method should be
distinguished, but output of one
method can be an input for
another.

3]
F

Method 1

Method 2
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Parameters network
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— Parameters of input/output (for methods) or fixed=read only (e.g.,
constraints or experiment results)/variable types are defined; generally, any
variable parameter may be target of transformation (e.g., optimization).

— Evaluation of design network parameters linked by target parameters
and general solver (DASY 2).

— Method profoundness depends on #-D (time + 0-D, Q-D, 1-D ... 3D) and
type of equations (algebraic A, ordinary differential ODE, combined ADE,
partial differential or integral PDE). It defines CPU demands and
qualitative (conceptual) accuracy of the method. Quantitative accuracy need
not to be very different for different profoundness level (might be surprising
but it depends on calibration).

— Methods: simulation (input from CAD), CAD (input of results from
simulation) and experiments (calibration inputs for simulation). Up to
now based on full thermodynamic virtual engine and simplified
mechanical virtual engine.
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General process of component level X optlimization

Requirements on

features of X

Constraints for
X if already
known

evaluated normalized
—)

Database DASY of HCheck of completeness

prototypes of X and

of the set c@arameters

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

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

Conceptual design of X [*
: : : Seeking for local
Selection of simulation

methods - higher level
for main target
parameters;

optimum design —
optimization by

automatic selection of
methods of lower level if
something is missing

simulation — domain A
‘ H CAD - parametric design of X

Seeking for local
optimum design —

optimization by
simulation — domain B

Requirements for X’
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Requirements on
vehicle features:
max. speed,
acceleration&slope,
emissions,
fuel consumption, range

Constraints for V: # seats,
payload, trunk volume,
materials used, safety, ...
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General process of vehicle for powertrain optimization

I

DASY of vehicle
prototypes and

evaluated normalized
(specific) parameters
/kg of payload, /seat, ...

\ 4

»

Preliminary estimation
of vehicle mass and
dimensions (drag)

Selection of
optimization methods

Conceptual design of vehicle

y

Local optimum design
— vehicle mass

P
<«

-

{

Local optimum design —
vehicle driving
resistance ...

Parametric design of
vehicle body |
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Requirements on General process of powertrain optintization

powertrain features:
power, raw emissions, DASY of powertrain

energy consumption, mass... prototypes and
evaluated normalized
(specific) parameters

\ 4

Preliminary estimation
of powertrain&
accessories & energy

storage mass and

pressure, bearing pressures,
specific power, ... power parameters
|

Conceptual design of powertrain —

A 4

Constraints depend on P
type, e.g., b.m.e.p., peak KW, [kWh, IN.m, ...

y

Selection of level of
optimization methods

Local optimum design |
— powertrain power and
efficiency including
accessories

Parametric design of
powertrain

Local optimum design
— engine/motor mass ...

.

Local optimum design
TE 0102 0020 ‘ﬁTechnoIogické a4 Powertrain components — piston, conrod, crankshatft, ...
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Zapouzdreni aplikace pro
zapojeni do DASY
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e projektu Design Assistance SYstem - DASF

Measured Data

l List of Output Parameters

DASY: Engine Design and Arrangement Data
List of

measured

variables: Testbed data: A/T Equipment

method for . —
data presence ‘ Measurement label: identification and way
analysis; to data files

Experiment Data Labeling and Storage
with links to DASY

Output Data

Technologicka agentura 1]Stl’. 11 % Centl'a Za WP 01 Jan Macek, éVUT v Praze
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DASY?2
Sergii Bogomolov
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e We want to have scalable models to be even more
flexible when designing. This can be achieved using
separate parameter namespaces for each component.

e We want to solve reverse task without model
redefinition. This can be done using numerical solvers
and descriptive model definition instead of input-
output based.
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atl XY Plot =RNCN X

New numerical solver

| tteration A
T

Name Type

Builds a system of nonlinear | == ol

| Emor Line

algebraic equations from all |: |

blocks and connections and :
solves it using numerical |° B |
iterations (different algorithms |
can be supported). oL
This allows having a descriptive
model definition instead of s

input-output based.

This also allows solving both
direct and reverse tasks
without model redefinition.

To deal with time-consuming external computations (e.g. CFD, FEM), external
methods are represented as pre-computed local response surfaces.
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Example

Sergii Bogomolov, Vit Dolecek, Jan Macek, Antonin Mikulec

(virtual thermodynamic and mechanical engines)
partially published at THIESEL 2012

Applied for SAE World Congress 2014 -
with connection to engine CAD model and dimensions

TE 0102 0020 Technologicka’ agentura Str. 1&5 23 Centra Za WP 01 Jan Macek, éVUT v Praze
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Unconstrained Speed of 1 000 and 4 000 rpm s

optimization of bsfc:
air excess,

peak pressure (position of
ROHR),

compression ratio,
piston stroke,
turbine size

all valve timings

at three bmep levels (25, 30
and 35 bars for the same
power), four speeds (1000,
1500, 2000, 4000 rpm), two
burning durations and two
levels of TC efficiency. FMEP —
Chen-Flynn

WPO1 VaV znalostni databaze projektu Design Assistance SYstem - DASY
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Unconstrained
optimization of bsfc at
bmep of 30 bar

* Long stroke and limited
compression ratio if
downspeeded

e Rightsizing instead of
downsizing and
rightspeeding instead of
downspeeding

Burn Duration 0-90% [deg], Mean Piston

Speed [m/s], Compression Ratio [-]
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Farameter Min/ Mz i ’
k1t Maze N

k2 Maze

k3 Mae 5

ked_1 Mz

ld_2 Maze

m Min 2

Options:

Crossover: 0.8

Mutation : 0.05

Population: 100

ot Optimization

Generations: 1000

Pareto set: 100 ‘

Sat | | Cancel
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Engine model and
parametrized
cylinder block:

wall thickness
composed from too
layers

e load (peak pressure)
dependent

or

e load independent

g (manufacturing
reasons determined
it).

Independent 3-D
scaling (L — bore
spacing, H — stroke,
W — bore) for mass

estimate.
TE 0102 0020 ‘ Technologicka agentura ou. cv
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Navrh dalsiho postupu vcetné navrhti na spolupraci a realizaci
vystupii

Rozpracovani presentovaneho prikladu s dalSimi konstrukénimi

podrobnostmi klikového hridele, bloku a hlavy valce spolu s modelem
mechanickych ztrat a potrubi.

Doplnéni schematického modelu vozidla a optimalizace drahové spotreby
paliva.

Vyuziti presentovaného prikladu pro spojeni plnorozmérovych virtualnich
motord.

Ovéreni vztahl pro prestup tepla pri nizkych otackach.

TE 0102 0020 Technologicka’ agentura Str. 21 23 Centra Za WP 01 Jan Macek, éVUT v Praze
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Priloha 1

DASY 2 — Sergii Bogomolov

TE 0102 0020 Technologicka’ agentura Str. 22 % Centra Za WP 01 Jan Macek, CVUT v Praze
y | Ceské republiky kompetence
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e We want to have scalable models to be even more
flexible when designing. This can be achieved using
separate parameter namespaces for each component.

e We want to solve reverse task without model
redefinition. This can be done using numerical solvers
and descriptive model definition instead of input-
output based.
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Every block and connection in the model are
represented with one or several relations.

(62 Dasy2 SR
File  Model Tools X
=]

4 - Standard ftest
- Component
Input Paramaters
- Output Parameters
. Splitter R
Component 4
a 4E] fld
b4 ¥ b 4 Mt of
¢4 P fle
. Componert 1 Componert 2 Component 3 . Splitter
1. Blocks Library 2. Model window o
4
Componernt S

[07-03-2013 13:29:22] DASY started.
[07-03-2013 13:25:24] Model loaded from file: D:\Sergii_Bogomalov'.DAS Y test. DASYModel

3. Log window
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&J a5l Component &11
Parameters | Relations

Right: a<b2-02

Name Units  Description Name Units  Description

b a
=

1. Block parameters 2. Algebraic relations
MNote: Parameters are added automatically from relations. [ oK ] l Cancel I Mote: Parameters are added automatically from relations. oK ] I Cancel

New approach to model structure

* There are no input and output

parameters, but left and right
instead.  Parameters are discovered

automatically by parsing and

* Flexible and clear control of simplifying algebraic relations.

where and what parameters to
show.
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===

s Component 1
i Component 2

i Component 3
i Component 4
i Component 5

Show all parameters

Reset

Farameter

Independent

¥l b
¥ c
Dependent
a
Oa
b
Oe
e
[
OF
O F
A
2

4

Value

1
2

(== = = I = N = L — I — I =]

Units

T

Limits

Mo Limits
[F10; 10]

Mo Limits
No Limits
[10; 10]
Mo Limits
Mo Limits
No Limits
Mo Limits
Mo Limits
Mo Limits
No Limits

Block

Component 2
Component 2

Component 2
Component 3
Compaonent 1
Component 3
Component 1
Component 3
Component 4
Component 5
Component 4
Component 5

Description

-

Parameter Limit: ©

Parameter has limits:

Min: -10

Mac: 10

] [ Cancel

Mote: Use checkboxes to define known parameters. [

oK

] [ Cancel

* One place to manage parameter values and limits.

* Definition of known and unknown parameters with respect to relations.
DASY2 automatically finds dependent parameters.
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- W XY Plot =] B [ |
New numerical solver

tteration A |
T

Name Type

Builds a system of nonlinear | == ol

| Emor Line

algebraic equations from all |: |

blocks and connections and :
solves it using numerical |° B |
iterations (different algorithms |
can be supported). oL
This allows having a descriptive
model definition instead of T

input-output based.

This also allows solving both
direct and reverse tasks
without model redefinition.

To deal with time-consuming external computations (e.g. CFD, FEM), external
methods are represented as pre-computed local response surfaces.
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New numerical solver

The idea of the method is as
follows: one starts with an initial
guess which is reasonably close to
the true root, then the function is
approximated by its tangent line
(which can be computed using
the tools of calculus), and one
computes the x-intercept of this
tangent line (which is easily done
with elementary algebra). This x-
intercept will typically be a better

/

Funktion

Tangente

f(x,)

approximation to the function's — _ 1 yn/
root than the original guess, and f'(xy
the method can be iterated.
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* Gradient descent is a first-order optimizatior_1__a|g_o__rithm.

T . T

It is based on the observation that if the T
multivariable function F(x) is defined and / / _Hjxh\\“\
differentiablein a neighborhood of a point  / x // N “‘\\ NN\
a, then F(x) decreases fastest if one goes _,f / | / P \\\ \ \ \

from a in the direction of the negative
gradient of F at a. |

With this observation in mind, one starts | | | |
with a guess xq for a local minimumof F | | \
and considers the sequence xg, X1, X2, ... A\
such that

Xni1 = Xn — YaVF(x;), n=>0
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Improved Strength Pareto Evolutionary Algorithm 2 (SPEA2+):

Uses a regular population and two archives to hold diverse solutions in the
objective space and variable space.

During fitness assignment for each individual both dominating and
dominated solutions are taken into account.

Environmental selection is used during archives update. This allows to keep
outer solutions in the archive in order to obtain a good spread of non-
dominated solutions.

Neighborhood crossover, which crosses over individuals close to each other in
objective space. In neighbourhood crossover, individuals that match in the
search direction are crossed over to generate offspring that are similar to the
parent.

Mating selection, which reflects all archived good individuals in the search.
all of the archive is copied to the population used in the search.
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WPO1 VaV znalostni databaze projektu Design Assistance SYstem - DAS

Y

Priloha 2

Example

Sergii Bogomolov, Vit Dolecek, Jan Macek, Antonin Mikulec

partially published at THIESEL 2012

Applied for SAE World Congress 2014 -
with connection to engine CAD model and dimensions
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Unconstrained Speed of 1 000 and 4 000 rpm s

optimization of bsfc:
air excess,

peak pressure (position of
ROHR),

compression ratio,
piston stroke,
turbine size

all valve timings

at three bmep levels (25, 30
and 35 bars for the same
power), four speeds (1000,
1500, 2000, 4000 rpm), two
burning durations and two
levels of TC efficiency. FMEP —
Chen-Flynn

WPO1 VaV znalostni databaze projektu Design Assistance SYstem - DASY
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Turbine Inlet Temperature, Average Piston
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WPO1 VaV znalostni databaze projektu Design Assistance SYstem - DAS

- 230 2.2
S
: 2 210
Unconstrained : )
. . . 73] 190
optimization of bsfc at 5
- 170 - 1.8
bmep of 30 bar g i ~ - o
L - = - n
o = 150 i =y a
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E = Engine Speed [RPM]
= E—
2 ‘Z 400 Stroke BSFC =& -lambda ‘
m
5 5 7% .- @ o Reasonable peak pressure
v = R R U R I e A )
X 200 ]
= °
106 Very dependent on cooling heat
loss
0 3
500 1000 1500 2000 2500 3000 3500 4000 4500

Engine Speed [RPM] e Not t_oo much_dependent on
| T t1 T_piston —4& -p_max —#- p_boost | burnlng duration
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WPO1 VaV znalostni databaze projektu Design Assistance SYstem - DASY

Unconstrained
optimization of bsfc at
bmep of 30 bar

* Long stroke and limited
compression ratio if
downspeeded

e Rightsizing instead of
downsizing and
rightspeeding instead of
downspeeding

Burn Duration 0-90% [deg], Mean Piston

Speed [m/s], Compression Ratio [-]

30 60
)
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Cut 2 Cut 1

Cheek Conrod journal

Cut 3

Main journal
===BMEP35bar_1500RPM_optimCs_etaT60%_alpha-comb35
agooll BMEP30bar_4000RPM_constCs_etaT60%_alpha-comb35
~ ||——BMEP25bar_4000RPM_constCs_etaT60%_alpha-comb35
il
y
§
II 250.0
|
I'-
| — 200.0
| 5
- — =)
! ]
J 5
J % 150.0
! | a
1
]
i
| 100.0
'.M
50.0

Crankshaft Optlmizatlon %2500 -100.0 0.0 100.0 180.0

Crank Angle [deg]
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File  “iew Tools  Library Windows — Help
o J
Modek | Components M ame:
[ - No Class Clas:
Desciripti
Add Component =
B Class Mass: Tatal m.
Cost: Total cost
Export Component Count:
Import Component
Paramed ters:
@ Al paramel ters ) Only free parameters
Mame Walue Type Definitior
Add Component
ot
4 n L3
Methods:
tdethod Output parameters  Input parameters
Ll n 3

* Select “Components” tab in the left part of main window
* Right click on the list of components area and select “Add Component”
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a5 Edit Component &J
Mame: Description:
Crankshaft 1 No class o' Edit Parameter (=3
Parameters: Structural Requirements: MName: Walue:
Name Value Type Definitio * H 34

Own u Description: Constraints:
B 13 Double Value |  ' 7] Min: 50

Der 44 2 M” Type: 7] Max 150

Dm 70 Double Walue @ Double Shing
Dmdc 44 Double Walue B

Dmdr 2 Double Value Bl

H 86125 Double Value 9 Value Waluies list
Lh 187 Double Walue il Fived Reference
ln 27 07R Ml ihla Wahis

‘ , s
Methods: Files:

Method Output parameters  Input parameters  Descr

| Equation Lr Z, Dm, Der
i|v| Equation m Dm, Lh, Dmdr, ...

V| Microsoft Excel Me... Dmdc, Dmdr, H.... B, Der, Dm

3

Add Component

n
Paths ok | [ Cancel

1. Define component name.
2. Add parameters using context menu.
3. Add methods using context menu.
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el Metho

— = = o5 Excel File Settings EI@
select hethod @ S———
Equation D:5Sergii_BogomoloviDASYAE xce\DF-Vipoist_upr. |:|
| L0 Fil Sheet  Cell Farameter Type
Fipt & Lutput Files 2 B2 K Fead
Description 2 E30 kit Fiead
2 E33 k2 Fiead
CAD Modet | CATIA Model - i i Fiead
2 B4 ki1 Fiead
@ External: |MicrnsnftEHceIMethDd "| 2 E42 k42 He.ad
2 Fi7 dor Write
2 F21 dm Write
[ 0K ] | Cancel | 2 M8 b wiite
o5 Microsoft Excel Method [
Diescription:
* Add “Microsoft Excel Method” to input Pl Cell-9 - =
Method DASY oo T
connect crankshaft algebraic ; 3 o o
model with parameters. " " g i
k41 k4 1
kd_2 kd_2
* Define cells where parameters
values are located in excel file.
* Define connections to DASY
para meters.
Auto-azsign | |¥] Only existing parameters Ok ] | Cancel
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a2/ Excel File Settings E=N Eol ==
o, | Add E | Method
[1:%5ergi_Bogomaloyt DASTSE ee\DP-Vopodet_upr | ... Xce et O
Sheet  Cell Parameter Type
2 E23 ki Read
2 E30  KI_t Read
2 E33 k2 Read
2 E37 k3 Read jnice Mg 0606 kg poiet valeh 4
M, 0.3749 kg
2 E41 k4—1 HEEIEI roukl (M 0.025 ky Pamerna hadnota & Rfgnice Pos. &st (Mglpos ky
2 E42 k_4 2 HEEId epu mg 0.1771 ky Uhlavé rychlost motio rad.s! Rt g4t [Majirot kg
- at. kliky i 7200 ko/m’ Hrmotnost ojnic. Gep mg, kg Posuvne h Mpos kg
2 FE Z HEEIIj ahu mat. kliky Rm 600 MPa horment mataru i MNmrm  Rotacni hr Mg ki
2 F17  Der ‘Wit
. Rameng - 0 I\I\:[‘I ..F:-'
2 F21 D Yrite I
eny tlak v ojnic (pole 78.5 MPa PoZadovand rozted |, B3 mm 8
2 F22 D rdr Read eny tlak v hlav. (pok 39.5 MPa Polomér zaoblen pf i, 2 thm H | -
Polomér zaobleni pf r, 3 mm Hlavni tap 1 d
2 F23 Dde HEEIEI délka ojnic. €€ (o min mm Tlougtka ramen h -mm —— |
2 J3 u] Read diélka hlav £ (b min mm Sifca ramene b 94 mm A | i
| +—
: w o i = -NT
2 J2 Lk Read Eepu h mm I\
-
2 W17 H Read L
2 MiZ B ‘Wit )
Informativni tabulka pomérnych hodnot R
pomérné hodnoty ojniéniho éepu od do |z
pomeémea yyoseni  h=eld 0.00 0 0085
EE"S: 1 E [ |:| K. ] | I:ar‘u:E| poméma velikost ¢ m=dgz/d 0.00 1] 0.75
pomémeé hodnoty 0.22 0.16 0.34
tfd 0.05 0039 0091
¥ miste prechodu oj. cepu do ramena KIKy [rez 1) bid 214 12 19
celkavd bezpeénost pro namahani 0.57 pro moy =Mo/(1/5 b hid 0.20 02 0.35
krutern a ahyberm v roving kliky A 1o oo =Moi(176 b1 aid 0.39 a1 03
Ifd 0.53 0.85 0.9s5
'V misté prechodu hlav. éepu do ramena kliky (fez 1l Lir 1.00 0.3 B.1
celkavd bezpeénost pro namahani 0.93 pro ooy =Mo/(1/5 bhi) vzdalenost hrany oL 2.00 mm
krutern a ohybern v roving kliky -prn Tan =Mo/(1/8 bh®) pomérné hodnoty hlavniho éepu ad do
pormérmé wyoseni  a=eld 0.00 0 0085 tl
WV rameni kliky (fez Iv) pornérna velikost ¢ m=dggéd 0.63 o 075 0
bezpeEnost v mistd 1 (ohyb pfes krat&l stranu, krut) 2.55 pormérmé hodnoty  rh 0.34 0.16 0.34
bezpetnost v misté 2 (ohyb pies deld a kratéi stranu) 217 tfd 0.04 0033 0091
bid 134 12 1.8
hid 0.20 0.2 035
extrem vysl. rad. sily P max. rad. 61501.60 N A 0.24 0.1 0.3
min. rad. 1107445 N Ifd 0.323 0.55 0.95
TE 0102 0020 Technologicka’ agentura Str. 4&'0 Centl'a Za WP 01 Jan Macek, CVUT v Praze
y | Ceskeé republiky kompetence




Centrum kompetence
automebilového promyslu,

AdgErration

Centrum kompetence automobilového priimyslu Josefa Bozka
- AutoSympo a Kolokvium Bozek 2013, 30.+31.10. 2013 Roztoky -

S

i@ Equation

-
Equation

S

() Input & Output Files

Equation:

m -

\ 4

(71 Description
) CAD Model:  [CATIA Modsl -
© Edemal: [Microsoft Excel Method v |

| oK || Cancel |

Description:

- (31415 (Dm"2*Lh/4-Dnd"2*H/2-Lh* Omar” [

oK || Cancel |

-

o= Equation Editor Iﬁ
Equation:
31415 (Dm™2*Lh /4 - Dmdr™2*H / 2 - Lh * {Dmdr"2 = Dmdc "2 + Dmdr*Dmdc) # 24 -
" . ” Parameters:
Add “Equation” to compute || —— — - ——
crankshaft mass. B 113 =
Dcr 44
Om 70
Dmdc 44
Dirndr 32
H 86125
1 107 B i
4 m b
0K || Cancel
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.DEiITH Wiew  Toaols  Library  Windows Help J
o | oo e
| AddModel
o roses
e b
Add Mode
w1 3
e Select “Models” tab in the left part of main window
* Right click on the list of models area and select “Add Model”
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- 2 DAY [E=H EER X
File 3w Tools  Library  Model  Windows Help
OH
Models | Components Name:  Crankshaft
4 Mo Class Class
“| Crankshaft Description:
a2l Edit Model = ==
Marme: Requirements:
Crankshaft 1
Descii piiort Mass: 0 Total mass: 0
Cost O Total cost: 0
Giroup: Court: |1
Files
Components:
- Crankshaft Parameters:
@ Al parameters Only free parameters
2 ] Ham Value Type Definitior
“ ‘ b 94 Double Yalue
L der 44 Double WYalue
Fooam 70 Double  Value
O‘ e ks 0 Double  Vale
k1_t 0 Double Walue
k2 1} Double Walue
k32 a Double Walue
ka_1 0 Double Walug
k4_2 0 Double Walue
3
tethods:
Method Output parameters  Input parameters
V| Microsoft Ewe... k1_r, k1_t. k2, b, der, dm
3

1. Define model name.
2. Dragjust created component to the model.

3. Save new model.
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_O_ 'l .Illlizali‘ 'Il e : . o

Farameter Min/ Mz i ’
k1t Maze N

k2 Maze

k3 Mae 5

ked_1 Mz

ld_2 Maze

m Min 2

Options:

Crossover: 0.8

Mutation : 0.05

Population: 100

ot Optimization

Generations: 1000

Pareto set: 100 ‘

Sat | | Cancel
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Engine model and
parametrized
cylinder block:

wall thickness
composed from too
layers

e load (peak pressure)
dependent

or

e load independent

g (manufacturing
reasons determined
it).

Independent 3-D
scaling (L — bore
spacing, H — stroke,
W — bore) for mass

estimate.
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Abstrakt WP01 Znalostni databaze projektu - DASY

=
o
&

Brake Specific Fuel Consul
o
00

22.5 25 27.5

General process of component level X opfimization

Requirements on

features of X

Constraints for
X if already
known

Database DASY of
prototypes of X and

evaluated normalized
1

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

Check of completeness
) of the set of parameters
Selection of methods —
estimation of X basic

parameters — transformation
of requirements by AM

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

automatic selection of
methods of lower level if
something is missing

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

TE 0102 0020 Technologicka agentura
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Seeking for local
optimum design —
optimization by
simulation — domain B

7str.7

Conceptual design of X |‘_

CAD - parametric design of X |

Requirements for X’

(Centra Za WP 01 Jan Macek, CVUT v Praze
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o DASY2

30

BMEP [bar]

32.5 35 37.5

0 00 o0 o] w w [¥=] w [¥e]
(=] ~ 0 o (=] = N w S
Mechanical Efficiency [%]

0
[}

—4— BSFC-constCs_etaT50%_alpha-comb20

File Model Tools

=]

BSFC-constCs_etaT60%_alpha-comb35
=@ BSFC-optimCs_etaT60%_alpha-comb35

4 Standard
i Component
i~ Input Parameters
+- Output Parameters
£.- Splitter

i \Qi\l ==
DASY spojuje komponenty, parametry a metody:
simulace se vstupy z CAD, konstrukci v CAD se vstupy z
optimalizace a experimen

ZAB Centra
kompetence

1. Blocks Library

—— eta_mech-constCs_etaT60%_alpha-comb35

~—l—BSFC-constCs_etaT50%_alpha-comb35
==+« BSFC-optimCs_etaT60%_alpha-comb20
=& -eta_mech-constCs_etaT50%_alpha-comb20

2. Model window

Compenert 1 Component 2 Componert &

(kalibracni vstupy pro

Umoznuje holisticky pristup k optimalizaci hnacich
~ jednotek vozidel od casné faze navrhu kombinaci

zkusenosti soustredéné do empirickych konstrukcnich
smérnic s plnorozmérovymi simulacnimi metodami
virtualnich motord.

£ R

Component 4

Spiter

LA
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Abstract of WP01 Design Assistance SYstem - DASY
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General process of component level X opt

imization

Requirements on

features of X

Constraints for
X if already
known

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

automatic selection of
methods of lower level if
something is missing

Database DASY of
prototypes of X and

: evalug_ted normalized
(specific) parameters

(per required

IKW, IN.m, /kg ...)

parameter of X, e.g.,

Check of completeness
) of the set of parameters
Selection of methods —
estimation of X basic

parameters — transformation
of requirements by AM

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

Conceptual design of X |‘_

Seeking for local
optimum design —
optimization by
simulation — domain B

CAD - parametric design of X |

Requirements for X’

7str.7
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simulation).

BMEP [bar]

o DASY2

—4— BSFC-constCs_etaT50%_alpha-comb20 ~—l—BSFC-constCs_etaT50%_alpha-comb35

File

=]

Model  Tools

BSFC-constCs_etaT60%_alpha-comb35 ==+« BSFC-optimCs_etaT60%_alpha-comb20
=@ BSFC-optimCs_etaT60%_alpha-comb35 =& -eta_mech-constCs_etaT50%_alpha-comb20

4 Standard
i Component
i~ Input Parameters
+- Output Parameters
£.- Splitter

1. Blocks Library

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 models.

CAD

—— eta_mech-constCs_etaT60%_alpha-comb35

2. Model window

£ R

Component 4

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

input of results from

LA

9\0/\0
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