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About EBAYABIVAN(e]

= We provide Design Exploration and Predictive Modeling
software tools and services to customers in aerospace,
automotive, energy, marine and related industries.

= Our roots go to French aviation and Russian mathematics. We
evolved out of a joint research program between:

= Airbus Group - a global leader in aerospace and defense industry

= |nstitute for Information Transmission Problems - one of the
leading mathematical centers in Russia with three Fields prize
winners on the staff

= 9 years history

= Qur offices:
= Toulouse, France (HQ & Operations) Saed

9 9

= Moscow, Russia (R&D Team)

= World-wide sales through a network of distributors \
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Goals of turbine rotor blade multidisciplinary design space exploration

Object:
= The object of the study is a rotor blade of a steam turbine

Optimization goal:
= The classical approach to design a rotor blade consists of two steps:

= Blade profiling to maximize efficiency, calculated using gas-dynamic
calculation

= Detuning the eigenfrequencies of turbine rotor blades away from critical
areas, using preloaded modal analysis

= In some cases, detuning is impossible without reprofiling the flow part.
This is a critical situation in which the design of the machine actually needs
to be restarted.

= The actual task is to perform blade profiling and check the possibility
of detuning simultaneously
Predictive modelling goal:

= Blade profiling for efficiency maximization is performed in the nominal
operational regime

= Safety to be ensured for the whole variety of operational regimes
= Itis possible to build an predictive model to predict gas-dynamic and

The same process for different turbines
structural characteristics on such regimes Thus it's worth to automate
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Multidisciplinary rotor blade optimization: Blade efficiency optimization

= Blade profile geometry optimization:
= Objective - maximum blade efficiency: maxn

= Constraint - pressure drop on the blade: 2000 [Pa] < dP < 2700 [Pa]
= Variable parameters - 4 profile parameters of blade types in 3 sections (12 parameters in total):

Stager angle: 30° < y! < 40°
Mean line leading angle: —30°< 8} < —40°
Mean line trailing angle:  60° < g} < 70°
Leading wedge angle: 10° < ' < 20°
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Multidisciplinary rotor blade optimization: Blade eigenfrequencies detuning problem

= One of the most important issues in ensuring operational safety is to tune the blade eigenfrequencies under operating conditions
away from possible resonances with the rotation frequencies and pulsations of the flow.

= Detuning is considered as a parametric optimization problem based on automated modal analysis of a preloaded blade.

= The constraint for blade eigenfrequency values f; is constructed as a function of allowed and forbidden frequency ranges.
These ranges come from design methodology and in fact are located near the multiples of the basic rotation rate.

= The constraint function C(f;) separates feasible and unfeasible blade geometries and should automatically fit the given resonance
regions. We used a piecewise-quadratic function, which is negative for the forbidden frequencies and positive elsewhere. H,
= As a result, we face a Constraint Satisfaction Problem with the following properties:

= Set of constraints on eigenfriequencies: C(f;) > 0,where f; = (v', 5}, B, 0%, Ry, Rp, Hp)
= Constraint on equivalent stress from preload: S.,, < 500 [MPa]

= Variable parameters:
Blade profile parameters: y¢, g5, B, 6°
Hub and shroud fillet radii:
3 [mm] < R; < 8 [mm]
3 [mm] < R, < 8 [mm]
Shroud ring height:
5[mm] < H, < 10 [mm]

Constraint function C{f)

| @—@Forbidden ranges | Frequency, Hz
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Multidisciplinary rotor blade optimization: Problem factorization - Nested optimization ..

= The full multidisciplinary optimization problem definition:

i pl pi pi .
maxn(y*, i, b, 6) CFD analysis responses
2000 [Pa] < dP(y', B, BL,6%) < 2700 [Pa]

C(f;) > 0,where f; = (v', B}, Bi, 6%, Ry, Ry, Hy)

Seaw (v Bl BE, 61, Ry, Ry, Hy) < 500 [MPa] } Structural analysis responses

= Note there are three parameters R, R, Hp, in structural responses, which do not affect CFD responses. This allows us to move structural
constrains satisfaction to an internal optimization (CSP) loop over these 3 parameters. So, we can change the problem definition to:

maxn (v, B, B, 6%)
2000 [Pa] < dP(v%, Bl BE 6% < 2700 [Pa]
Wstruct (v, BL, B, 6") > 0 External optimization loop

where Wqi,,ct 1S the feasibility measure of structural characteristics found from the constraint satisfaction problem:

C(fj(Re, Ry, Hp)) > 0 o S
h consid L gl Bl 6" o
{Seqv(Rt,Rb,Hb) < 500 [Mpa) 7 cach considering (v'. fu. e, 07) Internal optimization loop

(Seqv(R¢, Rp, Hp) — 500.)
Wstruee = —max[C(f; (Re, Ry, Hp)), ————55

DATADVANCE
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/]’(:7p8eveN Integrate, Explore & Predict ..

pSeven is developed to:

= Automate complex product design processes and integrate all
external software and data into a single workflow

f(x)

Analytical
Models

= Solve engineering problems with a complete toolset for
Design Exploration and Predictive Modeling

Simulation
Models

'\\

pSeven allows to:

= Build composite model of the product from different data
sets, analytical and simulation models

Integrate &

= Explore your model with tools for Design Exploration Automate

= Predict responses for new designs or operational regimes of i

the product with Predictive Modeling /ﬂ? Y
)~
Explore Predict

. DATADVANCE confidential - do not distribute under any circumstances DATADVANCE




”ﬂ‘?pSeveN Interface & Components

Workflow Construction

- —
\'r“h 4’(,& :.;15

Predictive Modeling
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CFD rotor blade analysis )
CFD computation scheme .

= All CFD computations were performed using Cradle scTetra

= Rotating domain with the following analysis conditions:
= Inlet: P&, = 10000 [Pa], T™ = 300C, a = 25°
= Qutlet: PG*t = 0 [Pa] in
o " , Ptot
= Periodic boundary conditions on sides —)
= Py = 101325 [Pa] Tin

out
PSt

= scTetra Turbomachinery output was used to evaluate blade efficiency and pressure
drop

Machine axis

DATADVANCE
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CFD rotor blade analysis
CFD blade analysis automation using scTetra

= Full automation of rotor blade efficiency calculation was resmre. (701
performed using scTetra VBS APl and a scTetra *.s file with
analysis conditions. Specifically:

= Import mesh in CGNS format
= Create volume region
= Set analysis conditions

-9619.6084

= Save pressure and velocity field images

« gammal 23 Wirite blade profiles
o |bettal,2,3 parameters to Bladegen batch Parse turbomachinery output
o thettal,2,2 file
« thetal,23 « eff
+ P
« power

» hub.cure file
+ shroud.curve file « mesh.cons file
« profile.curve file

» bi.bygifile
« rotarpre file « rotarl file « rotarfld file

F"—"‘ scTETRApre scTETRA#0I i 1} scTETRApoEt
‘ Program Program Program
/i 2 2 2

BladeGen Turbogrid
Program Program

Generate files with hub, shroud Generate flow channel gas Using scTETRAVES API: Using scTETRAVBS API:
S?adut;l;edr? EUrvEs using rdourm:{nugﬁsﬁfbsgdrr;UCGNS 1. Import mesh in CGHNS = rotorsfile 1. Create Pressure field
farmat picture in png

2, Cregte Velociry field
picture in png

2. Create volume region
3. Save scTetra *.prafile

= External turbo CAD Bladegen and turbomesher Turbogrid
were used for blade parametrization and mesh preparation.
They can be easily replaced with similar Cradle tools for axial
turbines when they will be developed. Witte seTetra *.5 file with

analysis conditions

DATADVANCE
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Structure rotor blade analysis )
Preloaded modal analysis computation scheme .

= Patran is used to perform preprocessing for the preloaded modal analysis.

= Soluéioln scheme contains two subcases: SOL101 (static preload) and SOL103
(modal).

The full blade CAD model was separated into two parts: blade and tail. It is
necessary for the automation of the boundary condition appliance: durinrg the
modification of a blade part geometry, renumbering of surfaces is possible.

Boundary conditions are the following:
= Frictionless condition on inner surfaces of the tail part;

= The tail circuit tension on the tail by appliance the fixed displacement condition
disp = 0.1 [mm]

= Inertial load on the full body with v = 50 [Hz] rotation velocity around the
machine axis

disp= 0.1[mm)]
Output parameters: g
= Eigenvector f

= Maximal equivalent stress S,
Frictionless

— . — . _ N\ v=50[HZ]

Machine axis e
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Structure rotor blade analysis
Structure analysis automation using Patran/Nastran

The SES text block enables to vary
parameters of the FE mesh size, rotation
velocity, modal analysis roots count.

Patran runs the prepared session file
(PCL script) over the blade and tail Parasolid
models:

= Builds a finite element grid,
= Defines material properties,
= Applies boundary conditions,
= Prepares solution sequence,

= Defines required format of the output
result file.

scConverter performs conversion
of the CFD result fields distribution
(temperature and pressure)

to structure BCs.

Note: a more detailed description is

Patran 2018 19-Mar-19 11:40:11

Patran 2018 19-Mar-19 11:45:02 2.10+00}
Fringe: Default, A1:Static Subcase, Stress Invariants, Yon Mises, , (NON-LAYERED)

Fringe: Default, A1:Mode 1 : Freq. = 590 41‘E\genvectora‘Tranﬁ\auonakMagmtude‘(qu\ééﬁy

wﬁ 1.82+00)

02+07

Instantiate patran.ses with
patran_dir parameter

SES
Text

default_Fringe
a2 10+00 @Nd 8048/ [
Min 0. @Nd 111 -

4.82+10)
4.49+10)
447+10)
3.85+10]
3.53+10]
3.24+10)
2.89+10]
2.57+10)
2.25+10f
1.93+10¢
1.61+10]
1.29+10¢
9.66+09
6.46+09)

3.25+09
4.02+07]

default_Fringe
Max 4 52+10 @Nd 7204
Ivin 4.02+07 @MNd 7911

W odified + eigenvectar
hlade_ modal_103 bdf hlade_modal_103.bdf blade_modal_103.f0& * maximal eguivalent
Y stress

h BcConverter
Compuosite

patran.ses

hlade. x_t
tailx_t

Patran Nagtran103

Program

FOG Reeult pare...
Text

Program

Flay patran.ses in the Patran far:

available on the next slide importx_t
mesh

create material
create praperty
apply he

init 101 subcase
init 103 subcase

generate bdffile

Nastran solves the task described in a
* bdf file.

® % 8 % 8 8 8 8

Conversion of CFD results
to structure boundary
conditions: temperature
field and pressure

|

FO6 Parser derives resulting maximum
equivalent stress and eigenvector from the
* fob file

rotorfd file

| scConverter

Run the Mastran with hdf file Parse FOE file

Perfarm field mapping using the

scConverter VBS AP pressure to unmapped elemets: lock,

shroud ring

scConverter apply_defaults
Program é PythonScript.

Apply default temperature and l

« blade_with_preload_fields.bdf

« hlade.bdf Nastan inputfile MNastan inputfile

= roforfld scTetra results file

« blade_with_preload_fields.bdf
MNastan inputfile
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Structure rotor blade analysis
Structure integration features .

The trick with the separation of the full blade model into two
parts for independent application of the BCs demands to unite
the meshes of Parasolid parts.

It is possible thanks to these Patran’s features:

Direct Access to CAD Geometry and import from the Parasolid
format. Parts are loaded from different files.

Assembly solids feature is used for meshing, including the
“Create Duplicate Nodes” and “Match Parasolid faces”
adjustments.

Mapping the pressure and temperature fields of CFD
results to the structure model was fully automated using
the scConverter VBS API:

* The input of the pSeven workflow are the scTetra results file
(*.fld) and the Nastran input file (*.bdf) prepared using Patran

* The output of the pSeven workflow is a Nastran *.bdf file with
initial temperature and pressure field

Ferfom field m apping using the VT Bt gl
scConverter VBS AP| shroud ring I

scConverter apply_defaults
Program é PythonScript

» blade bof Nastan inputfile » blade_with_preload_fields bof
* rotorfd scTetra results file Nastan inputtile

i

|
4,\

!

[Out]

* blade_with_preload_fields hdf
Nastan inputfile

DATADVANCE



Structure rotor blade analysis (O
Automatic blade generation in PTC Creo .

= Since we have blade profile points alongthe = For this purpose, a special session file with CREO

spans, we can easily add them to the proper instructions was recorded (a trail-file,inCREO
sketches in the CREO *.prt model. terminology) | .
« gammal n
* gammaz

* gamma3l

: F.t??ettt?j Write blade profiles Generation files with hub pmtr_lle;_.p:s Building the Creo CAD 0

v Parsing profiles ponts for every | |profile2 pts rodel with new blade
e s | [P b N e

bg bgi1 BladeGen ProfileePareer CreoBuildSpane CleanCREO11
Text Program e PythonScript Program Program
BG.hgi profile.curve
trailBuildSpans. bd
CleanCREQ
Program

\_ - ReadTrailFile
- Text

« gammasl--- equals last

=pan and shroud
ratation angle

Modification of the shroud
ratation angle around the
hlade axis in the Creo
session file {trail file)
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Structure rotor blade analysis )
Top-level workflow .

= All processes related to structural analysis are combined in the top-level workflow

= The Creo CAD blade (modified by the BladeGenCreo block) and tail models are saved to the Parasolid format by the
Blade and Tail Creo blocks respectively

= Eigenmodes calculated by the MCS_structure block are processed by the FreqCondCalc script block to calculate
constraints for the resonance detuning

Halt all Crea-related

processes for a normal Create parasolid x_t
work of the application formofthe tail part
hext start

s« gammal
« gammaz
s« gamma3l
+ |hettal
LI

CleanCREO1 . Tail
Program Creo

The blade Creo CAD maodel tailx_t

Modes constraint -
functions Constraints

Eigenvector calculation c_freq

profiles generation with BladeGen
parameters profile curves

v

& BladeGenCreo gggﬂfndnglj?: > I Elade bladex_t 3 & MSC etucture é FreqCondCalc
Composite ready Creo Compoeite PythonScript
Create parasolid x_t
formofthe blade part
= F_1-filletround
radius
» R_2-shroud
round radius
» H- shroud radius

Stress_egv_max
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Full optimization workflow

External optimization loop

maxn(y, B, Bi, 6°)
2000 [Pa] < dP(y',f{, 3. 6') < 2700 [Pa]
lpsh'u:.r(}r!.- ,Gh JG‘EJ Sf) >0

e e e e e e mm Em e mm Em m Em mm mm Em o Em Em Em Em e Em Em o Em
| o= === —— === ————=— -
I 11
l » MDO
I i I ***" Deeignepacee... h 11
I 11
= gammal I . off I 1
1 * gammaz | . dP
| * gamma3l | I
. pettalt | 11
| U oo | CFD_Madel
I : Compoeite 11
: 11
I « dP | |
I 1 » rotorfld - cfd
| I results file 1 1
| | dP_condition check_resulte 11
| I Condition e PythonScript I 1
| —_ 11
[ S '
I I .
I N | “i- €SP Structure |
I ~" Optimizer I
|
______ —r—— N
I * Rt
| « Rb
. H
|
| Structure_Mod...
I Compoeite
|
— e e e = = = = = |

If CFD is infeasible

Internal optimization loop

C(f, (R, Ry Hy)) > 0
Soqu(Re, Ry, Hy) < 500 [MPa]

Patran 2018 19-Mar-19 11:45:02

Fiinge: Defaul, AT:Mode 1 Freq. = 58041, Eigenvectors, Translational, Magnitude, (NQyL A

e
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@ Design Optimization in pSeven

pSeven provides easy and effective solution for

Configure: Design Optimization (Design space exploration ;X

most of industry optimization problems: B e (it apimin § ] cpone. [ st &)
. . . . . . . \ | =
= Single- or multi-objective, robust optimization R e T
. 1 0.0 10.0 O
= Large dimensionality* eoe’ E:;:ﬁ':ast'i"::e R 0
= Long model evaluation time**
= Continuous and discrete input variables
. . . . . . Number of designs: | Auto |'| Hints: | ‘ ‘El
= Nonlinear, multimodal or noisy objective functions and ol s
constraints W 12 ey et e
f2 Maximiza tion 1 ' - — - - 5
= Presence of implicit constraints and domains of undefined :: §E§E§f;mf§)
behavior 2 ° o | @@ objectves (optmal |
®
= Presence of uncertainties : S
__________________________ -2 \ T:.ocalf i
| \ ®  Globial '\. ®
SmartSelection chooses the optimization : N T coe o
. : : - A ®ece 0o
algorithms automatically and adaptively! ] N TN ] == A
~——" V |50 100 150 200 250 300
__________________________I 10 Mass (kg)
* - Up to 100 design variables for nonlinear time-consuming models S T S S S S S

** - For example, any CAE model
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; SmartSelection for Design Exploration

Design Exploration technique is chosen
automatically with SmartSelection:
= Set of options and hints helps the user to describe a
problem and desired solution:
= Types of variables: continuous, discrete, categorical
= Types of responses: evaluation, minimization, constraint etc.
= Function of responses: generic, linear, quadratic etc.
= Problem hints: noisy, expensive

Design Optimization algorithms’ parameters are
adaptively tuned during the solution:

= In the case of performance degradation solution process
interrupts and restarts with the next suitable algorithm

Configure: Design space exploration (Design space exploration)

| [ 3 | Technique I Latin hypercube sampling

Options:

Variables

Name Type Size | Lowver bound Upper bound
X1 Continuous 1 0.0 10.0

X2 Continuous 1 0.0 5.0

X3 Continuous 1 5.0 15.0

Mumber of designs: | Auto * | Hints:

Responses
Name Type Size | Lower bound Upper bound

'
F2 Evaluation 1
e A Run options Ports and parameters

DATADVANCE confidential - do not distribute under any circumstances

All options are d

Levels

Value

efault
i | =
Constant Value
+
o | =
Function Blackbox
Generic o
Generic v
OK Cancel Apply
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@ Benchmark: Multi-Objective Gradient-Based Optimization

= Test problem: Well-known TP7

= Objective functions evaluations:

= pSeven - 187
= NSGA2 - 200

. 1+x4
min | x, ,
X X0

where
0.1< x,<1
0< x;<05

subject to
X1 +9x9 =6
—x1+9xy =1

2.6

2.4

= NSGA2 can't reconstruct Pareto frontier
using the same number of evaluations

TP7 problem, GTOpt, 187 iterations

TP7 problem, NSGA2, 200 iterations

e o 3l

2.6
| * e« optimal&feasible l 2_45

e o all
* « optimal&feasible |/

) f{ Anchor 0

Algorithm schema

Nadir:

1.%.

| i
0.5 0.6

1o : - : : []

| |
0.7 0.8 0.9 1.0 1'%.4

i | | i I
0.5 0.6 0.7 0.8 0.9 1.0
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Optimization: Initial model

= Maximum stress is violated
= Second mode in resonance state (~300Hz)

Parameters CFD in Structural in Patran/Nastran
scTetra

yl =35

y? =35 |

y3 =135
BL = —35
Bl =35

3 =-35

Bi = 65

B? = 65

Bi =65

gl =15

0% =15

03 =15

R =5 Iy

Rb = 5

H =

Pressure field Stress field Eigen disp. field FEigen disp. field Eigen disp. field Eigen disp. field FEigen disp. field
n = 84.09% Seqv = 689 [MPa] f1 =123.49 [Hz] fa = 294 [HZ] fz =408.03 [Hz] fa = 814.6 [Hz] fs = 1435 [Hz]
dP = 2628 [Pa]
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Optimization: History

External optimization (300 CFD calls)

2.40007 - - [o® ar
. ®® Psi struct L] . .
o : ° ° 2.2000 ® | @@ P struct feasible | 2750+ . { @@ dP feasible|
7 . o W . [ ]
- L) L] . L ]
. k- et ?o..}‘“ ﬁﬂ’ : 00 * 2 e e, ’“:.' :0". aee
S we g0 O (] 1.8000 1 F+ o W00 P { »
‘et te g *, o < o e ' 23, o i .".WH
U . o - ¢ 160001 . 2650 : - LIS ‘o" - * ¢ '\:.
| .0 . 7 . ¥ @' % .
LI o3 ol by o Yo e 1.4000 - - . o 2. 3 l't‘.' i . . . ¢
. ) . g o % .
B gm0 0Pl . o 1200049 " L) £ 2 b " o ¥,
= . L L] LTy g L] . (3 % ? p "
T . . . = . . ) g . .
_ 4 o o 1 » 5 . . o
82 . = . . . @ - b
s w
e e o £ 080004 g . - Lo ] . § 2550 * W .1 o .
514 . . z ')
. o eg® * & e s . « ° o
. 0.6000 (3 ) ® M *®
. . o o8 L% s 8 Tee 2 2500 % .
. . 0.4000 o® ® g -« o%™ o f . .
oot %e . 5o o °° > LA . o
. 0.2000 .. ool @ sege.® . *e .
o % s o o L LIFar o «® . 2450 : -
™1 . (oo | *Lyreee Rl Ty ‘o." s %N WV\
. @@ ff feasible »" o 2e , o2 8,00 NN oo
774 T T T T T T T T T T T T T T T T 7 H 2400 .
0 20 40 0 80 100 120 140 160 180 200 20 240 260 280 300 2 .. L
designs 0 20 40 &0 8 100 10 140 10 180 200 20 20 260 B0 300 0 20 40 e 8 100 120 140 160 180 200 20 240 260 280 300
designs designs

Internal optimizations

cl,c2

ool 1.40002-3 " -9 Seqv max | 1
92| 11
4 1.2000e+9 - 1]
+.00000+9 11

] 11
8.0000=+8 I I

L B & Py anan T L e oadl 6.00002+8 11
S S T
designs designs 1

Internal optimization has infeasible status — blade’s first mode stayed I

in resonance, maximum equivalent stress is above the limit

1 .“ cl ] 8.0000e-8 '
20 |o® 2|
7.0000e+8
o~
“
= .
e 6.0000e+8 -
5.0000e:8 4= mmmmmn s s mns s o
T T T T T T T T
5515 5520 5525 5530 5535 5540 5515 5520 5525
designs

.“ Seqv ma:(.'

Internal optimization has feasible status

designs

T
5530

5540

— e o o o o o o o e o e e e o o) e e e e e e e e e o o o o e e o e e e e e e e e e e e e o e e o)
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Optimization: Result ..

= Used 300 evaluations of the CFD model and 5545 evaluations of the structure model (budget is 30 in each internal loop)
= These optimization budgets are selected on the basis of the entire optimization operating time estimation
= Efficiency increased by 3%, maximum stress decreased and eigenfrequencies were tuned

Parameters | CFD in scTetra Structural in Patran/Nastran

yl =345
y? =30

Pressure field Stress field FEigendisp. field | Figen disp. field | Eigen disp. field Eigendisp. field | Figen disp. field
n = 87.04% Seqv = 466.5 [MPa] f1 =136.6 [Hz] f> = 318.5 [HZ] f3 =482.95 [Hz] fa = 863.2 [Hz] fs = 1637 [Hz]
dP = 2698 [Pa]

DATADVANCE
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Predictive modelling ..

= Build a predictive model of gas-dynamic

. » MDO . - DOE

/ ApproxBuilder

. . . * Desigh zpace e... 1 * Design space e...
and structural characteristics of the optimal _ _
geometry in various operational regimes: ! g g " spesd o

= hettall * Tin
[ Eiﬂﬂiftﬂ [T) CFo.Modelt
ompogeice
= 3input parameters: L
. » rotorfld - ofd « rotorfld - ofd
5000 [Pa] < Ptlglt < 20000 [Pa] results file results file
100 [C] < T™ < 300 [C] N caton & Finonserpe || RN £ strcture oo,
20 [Hz] < w <50 [Hz] '
i CSPStructure J « Psi
= 9 output parameters: autiatiinnd
CFD: dP, Power ‘o -
Structural: Seqy, f; , 1 € [0,5] O [

h Structure_Mod..
Compogite

DATADVANCE
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. ., Tools for Predictive Modeling ..

pSeven includes a dedicated set of tools for building and managing predictive models that allows to:

= Build fast and robust predictive models with automatic selection of technique (SmartSelection)

= Validate, test against reference data and compare models to find the best approximation quality
= Explore behavior of multidimensional models with studying input-output dependencies

= Export models to external file, including C source code, executable, Matlab/Octave, Excel and FMI

S K -
/-f &J = = R
1) . . “
~~~~~~~~~ e et e
Model Builder Model Validator Model Explorer
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- /" Building Predictive Models

pSeven provides unbeatable capabilities and
flexibility for building predictive models:

= Variety of industry-proven approximation techniques
Full control of the model building time

Accuracy and error estimation

Dealing with oscillations and model smoothing
Logarithm of outputs and exact fit

= Handling anisotropic data, discontinuities and inhomogeneous
data, multi-fidelity data

= Updating existing models with new data & combining of the
models

==""smoothness=0.0
— smoothness=0.7 H
— smoothness=0.9

smoothness=0.99 H
= Training set

0.8 1.0

SmartSelection selects the most efficient technique
for a given problem and data automatically!
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. Benchmark: SmartSelection for Predictive Modeling ..

Quality of predictive model built with SmartSelection:

= Even with default settings SmartSelection builds predictive models iy Ideal approximation

of better approximation quality than famous open algorithms, like gtapprox S
. . _ E — gta_slmart :.__'.r.“;--_

Scikit-learn, XGBoost and GPy. » L Ridgecy Bt

f — SL_SVR '!;"

g SL_GP 3

3 0.6 sL_ER

® SL_RFR RN

] - = XGB \ee,&\

= XGB_lin N

: g

o GPy_sparse

g

T o2

g

&

erssmmmamamt =TT S T
0,0 BB T e :

10 10°# 10 100
RRMS threshold

pSeven vs. open algorithms

Full benchmark can be found here: https://arxiv.org/abs/1609.01088
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https://arxiv.org/abs/1609.01088

Surrogate model validation

= Training sample: DoE with 30 designs was
used to build the surrogate model

= Test sample: DoE with 20 designs

= The surrogate model allows to predict
both CFD and structural responses
with RRMSE of <7% (worst case)
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Surrogate model: Scatter plots

= Create more accurate Surrogate model using SmartSelection technology

Scatter plot (test sample)

04 -
[ ]
5 a2 . ol .
)
Z EE - o2
(1]
E B8 (]
o
O 6 )
L
= w- i : T
8z ®® =ff SmartSelection
] ¢ | @@ eff Manual |
I I T T I I I
g2 a4 88 a8 a0 22 a4
Predicted value
Scatter plot (test sample)
L]

1,0000 e+5 - =
qQ
& 0000e+5
3
Q)
& 0000&+E - o
o (]
X
B o000e+&
> H000es8 .t ®® Seqv SmartSelection

. 2+ |

| @® Seqv Manual

1 T T I 1
2.0000e+5 4.0000e+8 6.0000e+8 8.0000e+8 1.0000e+%

Predicted value

DATADVANCE confidential - do not distribute under any circumstances

Reference value

Reference value

Scatter plot (test sample)

12000 .
.
10000 4
8000 - <
&000 .
a8
4000 .
o ®® power SmartSelection
2000 5 | @® power Manual
T T T T T —
2000 4000 &000 &000 10000 12000
Predicted wvalue
Scatter plot (test sample)
155 *
-
150 -
145
140
135 4
130 4 . . ®® freql SmartSelection |
®® freql Manual
125 1 T T T - I I I
125 130 135 140 145 150 155

Predicted value

Reference value

Reference value

Scatter plot (test sample)

&000 -
[ ]
5000
L ]
[ ]
4000 - -
(
[ ]
3000 -
L ]
. ) : _—
spogd @ ® drP SmartSelection
®® dP Manual
T 1 T I I -
2000 3000 4000 5000 6000
Predicted wvalue
Scatter plot (test sample)
326 3
L]
L)
324
322
320 rolid
[ ]
318 -
316 . ®® freq2 SmartSelection |

®® freqz Manual

314

T I T 1 I -
18 320 32z 324 326

Predicted value

DATADVANCE




Surrogate model: Scatter plot matrix

amega

= Analyze correlations between model responses and
parameters using scatter plot matrix

an

= Detect linear and non-linear correlations
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= Rate parameters influence
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Surrogate model: Model Explorer

= Explore efficiency and safety on
variety of operational regimes using

Model explorer

Model explorer
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Summary ..

= Using the process integration capabilities provided by pSeven, we have managed to build a multidisciplinary workflow,
which includes 8 CAD/CAE tools: Patran, Nastran, scTetra (Pre/Solver/Post), scConverter, BladeGen, and Turbogrid.

= The result is a run-ready workflow for simultaneous calculation of turbine blade efficiency (CFD, Cradle) and preloaded eigenfrequencies
(Structural Analysis, Patran/Nastran).

= pSeven's advanced workflow engine enabled the implementation of nested optimization loops in the workflow.
= The problem of blade optimization, frequency tuning and maximum stress reduction was solved in automatic mode.

= For rapid estimation of gas-dynamic and structural characteristics in non-nominal operating modes, an automatically trained surrogate
model was used.
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