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Overview

Meta-Model of Optimal Prognosis (MoP)

2N o optiSLang inside Workbench
§ » MoP Theory

Axial Compressor

e Simulation Model
e Desigh Optimization

Robust Design Optimization

2 © 2011 ANSYS, Inc. October 1, 2012



Workbench Framewoyké

SPACECLAM v~ | -

¥

ﬁ.li‘\‘| ‘V
ProlENGINEER' SoLip EDGE

Autodesk
Inventor;

. L

SolidWorks
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optiSLang inside Workbench
_ The WorkE m

- A - B
2 m Geometry v 4 2 Q Engineering Data Vo2 G Engineering Data
Geometry \IG Gl Geometry v 4 3 @ Solution / 4
4 a Madel v 4 4 0 Results v
5 a Setup v o4 5 |53 Parameters —
6 @ Solution v 4 nCode SN Constant (DesignLife)
7 O Results v 4

[—>a (52 Parameters T
Fully parametric 1

pd Parameter Set

Y ) optnizaton [ Y Robstess |

L = 2 | Parameters
2 ¥ Optmizaton F N -

7 a
3 |l Criteri d °
3 || Results 5, iy Crterta 4
4 B sampling
Optimization : —
g 5 B4 mop =

b |kl Results 7 4 optimizing structural language

Sensitivity

Robustness

o
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Optimization Strategy

General Procedure:

* Design Optimization
— Gradient Based

5

— Generic

— Evolutionary

© 2011 ANSYS, Inc.

October 1, 2012
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Design periments

— Data Sampling

— Detecting Correlations

— Detecting Important
Parameters

— Parameter Space
Reduction

— Response Surface
Design Optimization



optiSLang Strategy

6

© 2011 ANSYS, Inc.

Quality of Response
Su rface ApprOXi m atio n optimizing structural language

100%

Optimization on

__Response Surface _

Meta-Model PerW mM(t)Pr Ig ure-dsu pagg i
of optimal

Prognosis
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Design of Experiments

| R

2 €9 Turbo Mesh
TurboGrid

LerrInaTion § irtear,

rrIci e Sr Lo
full modei: RZ2=" 84 %

ck CoP e

¥ 5 Tubocrid
*2 Turbo Mesh ‘/

TurboGrid

INPUT: Streckgrenze
1%

E“"‘E\er

INPUT: Lage_y1 -
Px A \ “g-

sarme e

Y har

INPUT: Blechdicke
27 %
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Design of Experiments, Sampling

Latin

Hypercube

O/Sampling

y4

Low effort for

) high number

of parameter

lAl ® rat
° . . :
- | Q
. * * * . * | E
-l W y L
= 2D = 3D R = s
\-E
- - 3
- Systematic-Samplin
full factc;:lal (m=3} : 3 o r.’_F . . | :tg
¢' ’ ! AN _ .
3 . . g : I = ' @ ®
- _ x| ,’."-.,‘— o —‘—anx:} '/ «] P
= " = T‘f - - N # of Input parameters
Monte Carlo
Sy
N \
Sampling il
> o
@
Xa O X )
@
@
:Yl ‘1(1
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Linear Correlation

Mean value y, variance 02 and standard Deviation o:

k=1
Linear Coefficient of Correlation:

1< - 1 & 2 j
/‘x=_zxk’ O'x=N_1Z(Xk_/‘x) 5

N
k=1

A v

-
.
& (]
4 .
F : . .
.
) 1o % %
-
.

¢ .. _
o)) [0 ) (00 )] T
il : “5 (N—l).o'xi.o'xj \Q““’“L}W-au\J

1,00 {-0.00; 0,00)
0.80 {-0.03; 0,03}
0,60 {-0.05; 0,05)
0.40 {-0.06; 0.06}
0.20 {-0.07; 0.07}
28 [l 0.00 (-0.07: 0,07

a

¢ Plf-020007: 007

e . 3, M f-040{005; .06}

. - . 2~ ff-0.60 10.05; 0.05)

il . = -0.80 {-0.03; 0,03}

‘e . &
. - . o 1,00 {-0.00; 0.00}
. -
.
¢ .
Iy --
° . -
¢ |

| 1 EEEE
= zmg” =" =
-- || ---- --- [ |
| ---- | | ] ||
[ ]

My X =
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Significance Filter

A A A

Fpearson ~ - 0.9 Fpearson =~ 0 Fpearson ~ 0
rSpearman ~ - 0'9 rSpearman ~ 0°9 o . rSpearman z. 0

Linear
monotonic
correlation

No
Correlation

Monotonic
non linear

correlation

<+> ? <—I—> ?
0 | Limit 1] |o | Limit 1
No/Low Strong No/Low Strong
I'bearson. liN€Ar relationship l'Spearman: MONOtONIC non-linear

Correlation respects two

parameters! Not more!

10 © 2011 ANSYS, Inc. October 1, 2012



Polynomial Least Square

PLS: p polynomials h(x) and coefficients c
y(x)= 9(x)=h" (x)-c h' (x)=(1, X,, Xy, 0 X2, X2, ., xl-xz,.)
Equations for all data points k=1...N with error g, (N>p)
Yk=H|I'C+gk Hy =
Square error S — min

S(c)=¢ -& =(yk -H; -C)T -(yk -H; c)

Leads to equation for coefficients c:

0S
pe = H -H -c—H_ -y =0
and Polynomial Regression: ”‘B%Rxg%ressmn

y(x) hT(X) (H HT) k.yk " D5 TTT 1 0F e )

11 © 2011 ANSYS, In October 1, 2012




Polynomial Least Square

12

« Number of Data Points Yi = (X1, %2 %3, ¥4, ¥5, X, X7, Xg, -+, XN)
n, for N Input Polynomial #Data Points
Parameter for Const. 1
Response Surface Y, Linear x; N

* Polynomial respects Pure quadratic x? N
multiple parameters! Mixed-guadratiexx; | 0.5-N- (N —1)

» Mixed terms arenot mn,= 1+ 2N + 0. 5=N—A=1)
used:np~N2

« Parameter Reduction
with Significance Filter

n, < 1+ 2N

-0.5"
2 ; :
Y Axys V.Hr51s 2 * PRS

Op o5 Y
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Coefficient of Importance

Estimation Oper{aﬁor: \

E(Xi'xj) ;(X‘(k)_”xi)°(xj(k)_”xi)
{in N (N-1)-0, -0y
\ )

CHILIGIILS Ul § 1 UYIIUSID \ Uiy 11Ur )
full model: CoP 96 %

INPUT: HubBeta2
1 %

INPUT: ShdBeta3

Oy, " Oy,

INPUT: ShdBeta2
2%

INPUT: HubBetal
4 %

‘ INPUT: HubBeta3
15 %

INPUT: ShdBetal
18 %

Coefficient of Determination:
" 2
E(Y-Y(X,))

O-Y ’O-YA

INPUT: ExitWidth
9 %

CoD =

INPUT: RImpeller
44 %
i
0 20 40 60 80
P - R, —

Coefficient of Importance:

Col; =CoD(X,... Xy )= CoD( X,..X |1, X .. X, )

-1
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Importance Filter

Significance Filter Y = (X1, %5, ¥3, X0 ¥5, X6, X7, X, -, XN)

_ “
Importance Filter \ i
Remaining parameters are used ™ © 4

for non-linear approximation
| Basic Points for Approximation
| Test Points for Quality

Assurance Data—SpIit

A\ (@) @
, . . \2 f &) ®
E(YYA) Z(y _'uy)'(y _/‘9) X, ..
CoP=| ———=| =+t ®
O-Y.O'YA (N—l)’O'Y’O'Y . . .
\ J @
@) @
14 © 2011 ANSYS, Inc. October 1, 2012 Xl




Moving Least Square

MLS: polynomlals h(x) and coefficients a(x)

y(X) ~9(x)=h (X) a(x)

Weighted square error S — mmT

S(a)=glf ‘W, -g, =(yk - H/ -a) -W, -(yk -H/ -a)—>min
Leads to equation for coefficients a(x):

Moving Least Square R?gressmn
y(x)=h"(x)-A(x) "-B(x)-¥,

=H, ‘W (x)-H{




Coefficient of Prognosis, CoP

» Fraction of explained variation

1.00

of prediction
SE c 090 f
C0P=1_S_ ‘% 0.80 F
T >

0.70 +

S=2(Y; — uy)? g .

5 _Z(Y _y )2 S 060 r con A
E— l L Wi 0.50 + COP I\/Ifdé 5Var —v»—

 Estimation of CoP by cross 25 50 100

validation using a partitioning
of available the samples

 CoP increases with increasing number of samples
* CoP is suitable for interpolation and regression models

200
Number of samples

500

« With MLS continuous functions also including coupling terms

can be represented with a certain number of samples

* Prediction quality is better if unimportant variables are removed

from the approximation model

16 © 2011 ANSYS, Inc. October 1, 2012




Meta-Model of Optimal Prognosis, MoP

B 1 int
DI\ 1rcP
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Value of CoP and MoP

- Statistical Reliability > CoP
» Parameter Reduction i v
—Number of Parameters ora i
—Min/Max Parameter Bounds S
* Response Surface shows Optlmlzatlon

Potentlal -> MoP

‘ T ShdBeRa2 bo
INPUT: 2o =/
4 D,
\ ‘ e
A ouT: RVShdBetal b c
INPUT: ShdBetad INPU 10 INPUT: ExitWidt ,[:m L
2 J Zo
NpUT: RVHubBetal
(\pUT: ShdBeta2 N 1 %% ouT: RYHubBE)
i 2 % B0 50

\
\
i
i

g

28 1.3 1.3 36
, ,,.,Ou.TFUT_,;.;\iTF_prI_'gE‘, -

‘ npuT: RYS o

[PUT: TnletWidtr o ®
‘ IN e °

| |NPUT: RIMP 3
NPUT: EXTWIO ¥ D . . o
L 0 ~N . L]
' Betal L4 * Ce
b [NPUT: HubEe .
INPUT: HubBeta 1 7] ¥ .
NPUT: ¥ oL J =
e napetal g !
\NPUT: RImpele ‘ INPUT: 2
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Robustness Evaluation

% LIMITH!

QUTPUT I
PARAMETER  .-5"-—==//  PARAMETER
VARIAT [ TurboGrid VARI AT ‘4\

() -
t -
a'd R
‘ , 5
- : / o~ : .
: 7 / | »
“ “ -

LHS-
SAMPLING
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Design Optimization

(pd Parameter Set
B v C
1 [ S

W Parameters / ,——————M2 Wi Parameters /

g4 DOE ¥ . 3 W criteria § >
K vor ? ‘——-4:4 B optimizaton @

. Results - S 5 | .| Results -

w N o= d

wv b

Sensitivity Optimization

- Gradient-

4, Pareto
' . Optimization

t

- ‘ - X
the best 2}
o e /{

-t
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Adaptive Response Surface Method

o Start Point

* Initial Sample
— Approximated Response
Surface
— Best Point
— New Sample with smaller
Range

A

Input 2

>
Input 1

Input 1
>

21 © 2011 ANSYS, Inc. October 1, 2012



Evolutlonary Algorithms

22 © 2011 ANSYS, Inc. October 1, 2012



Pareto Optimization

e Initial Generation
— Select best

Second Generation
— Select best

Third Generation
— Select best

Fourth Generation
— Select best

Objective A

Objective B

23 © 2011 ANSYS, Inc. October 1, 2012



Primary Design, PCA Ltd.

* 1.5 Stage Axial Compressor 2

¢ IGV(n=37) «B»
* R1 (n=71, Gap @ Shroud 2% Span) ¥

e S1 (n=91, Gap @ Hub 2% Span) P C A
* Pressure Ratio N1=1.4 f_i(“'f:—'_t‘ﬁ

 Mass Flow Rate 10.6 [kg/s]
« Diameter d = 0.525 [m]

* Rot. Vel. Q =9300 [rpm] ,
- Blade Mach Number M ,=0.75
» Specific Speed n,=1.3

» Specific Diameter d.=2.3
* Load Coefficient ¥=0.45

24 © 2011 ANSYS, Inc. October 1, 2012




v A v B W C
| T 1 1
2 @) Geometry ' 2 €9 TurboMesh v 2 @ setwp v 4
>3 (pd Parameters >3 [pd Parameters 3 @ solution 7 4
Geometry Stage TurboGrid 4 @ Results v 4
[ »5 [pd Parameters

pd Parameter Set

Automatic

M@s[h]ﬁ[m

25 © 2011 ANSYS, Inc. October 1, 2012

CFX
A 4 D v E v
\.2 & TuboMesh B 2 & EngneeringData v/ 4T M2
>3 | (B Parameters 3 @) Geometry v ,—t—as3
TurboGrid 4 @ Model vV a4
S a Setup v 4 _/-QS
6 @ Solution P, 6
7 @ Results P 7
—>8 | (pd Parameters — —>8
Static Structural
v G
x
2 & TuboMesh v
>3 [pd Parameters
TurboGrid

F

& Engineering Data
) Geometry

@ Model

@, Setup

N_:j Solution

@ Results

(pd Parameters

Modal

Application Overview

,

v
v
v

7

N




Geometry Parameterization

« Camber/Thickness for — |
’ ° IGV, Rl, Sl’ 2_3 LayerS q"@ j#‘iﬁmtﬂr:;t%e
| ,.—‘;F ZxPlane

* 5 3, per Layer, 3xThk ¥ 1ZPlane

+ ‘,ﬂ. MetidianPlane

. Hub, 8 radii (const. Shroud) .3 wdcompressorstage

2 Angle: : CamThkDefR15hd (Bsta, Laysr 10, BladeR1

AN D vy, CamThkDefIGYHUb
vy, CamThkDefIGYshd
+ 6 Bladelay
v CamThkDefR 1HUb
- vy, CamThkDefR1Mid
| M-Prire (LE to TE) fq‘{; ZamThkDefR 15hd
ssssssss  CoTHiDR13hd (sl to Cambersiface, Laver .. - ...r'[:f"? Elader 1
° v 2y CamThkDefR 1HUb
v 2y CamThkDefR1Mid
v 2y, CamThkDefR135hd
vy CamThkDefS1Hub
v 2y CamThkDef515hd
+l6¥ BladeSt
C) FreezeBlades

GGGGGGGG

MNormal Layer Thickness
= = = = = =
[N (4] = o [\ (4]

M (LE to TE)
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CFD Simulation

* CFD Solver: CFX
* Nodal based FVYM

_Ip¢dV+mp¢V 0A = [[FV¢-dA+IS¢dV
. Coupled So ution + AI\\/I/G

v C
| EECE
2 @ setup v 4
5] tion F .
@
2

e Mass & Momentum, Energy...
* Turbulence Model:

W4 » Shear Stress Transport
~2-—- _* _Two sector by passage, MFR:
* Profile-/Time Transformation
* Periodic Interface

27 © 2011 ANSYS, Inc. October 1, 2012



CFD Post Processing

» General Post-Processor q‘
« Turbo Mode

22 @ setup v 4
3 | @ sotion ¥

L « Highly Automated
-] .
e Customize able

CFX

o 0 a2
LI ®’ 4
W6 o0 AN B -

Pressure [a]
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Quality Assurance Iteration Error

Run CFX 000

Variable value

29

1.0e+00 —

1.0e-01

1.0e-02

Momentum and Mass

Residuals

= Monitar Point: Tk Ratio R.1

== Monitar Point: pk Ratio R.1

Run CFX 000
User Points
] Variation of
) . <1%
Monitor Point
4|  Total Pressure|Ratio _
1 otal Temperature{Ratio
Al A |
i ~ A
Efficiency
at Iteration 250
I oV

Maonitor Poink: Tk Ratio St

Monitor Point: pt Rakio Sk

1.0e-03 |
1.0e-04 —
1.0e-03 —
1.0e-06 —
[ T T I [T l
1] 20 100 150 200 300
Accurmulated Time Step
— RM35 P-Mass RMS U-Maom RMS ¥W-Mom RMS W-Mam
© 2011 ANSYS, Inc. October 1, 2012




Quality Assurance Discretization Error

1.60

1.50

T~
|
1.40 = i,

to minimi 3rical error

1.30

1.20

1.10

1.00

DA N — '
rUlyuaovping ciriicicelivy
0.90 g . *
0.80
50000 100000 150000 200000 250000
29.59 15.2 ~50000
2 30.85 6.69 ~100000
3 31.52 4.90 ~150000

4 35.73 4.60 ~250000
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Static Structural (Pre-Stress)

mmmmm o Static Solution:  [Fow

& EngineeringData v/ 4~ @ Model (B4, C4, D4)

m3 ) Geometry v - +- M Geametry
4@ Model v o = + _f,i.. Coordinate Systems
2= 27 e Displacement | aai
6 § solution F + es
7 @ Results 7 . +- T Mamed Selections

>8 [pd Parameters - ° S 1 & S JEI
Static Structural t ral n t re S S «’{-\._ Analysis Settings

ﬂ.p Rokational Yelocity

ﬁg Frictionless Support

; I B, PeriodicBoundaryStrucRzern
* Numerical Error /3, D
B InkerpolatePRES_STAT
B viewPSF

° P St -I: - Solution (B6)
re . reSS O r ,,{Il Solution Information
,,ﬁ Total Deformation
= A0 Equivalert Stress
further Analysis ® s
,,ﬁ Equivalent Stress 2
,,ﬁ Structural Error 2
+- & WiewExpand
B ExpartUsTAT
* Modal {C5)

+ Harmonic Response {(D5)

” 2 A
w,w’m Mises) Stress |
Pa y
ol 4

il 18:39

oart
St 1841
| 20613e0M0x

9.56866-9 Max 1832208
9.5886e-10 1603208
9.5686e-11 1.3742¢8
95886012 1145266
9.5686e-13 9.1617¢7
9.56860-14 6.6715e7
el 458137
2.7462e-18 Min

| 2291167

9.5686e-17 9337.1 Min

= |
=
Q)
NA
N
Q)

oD =

N
==
=



Modal Analysis

v E

s | memeem * Pre-Stressed Modal Analysis:

2 & EngneeringData v ,————®2 & Engineering Data

3 (B}) Geometry v J—1—a3 (ﬂi) Gomlety : 4 i .
amJoowem o« Eigen Frequencies and Vectors
6 @ Solution AR 6 @3 solution F 4
7 @ Results F ., 7 @ Results Fi.,
o STy G » Data for further MOR AnaIyS|s
_ |Mode [[v Frequency [Hzl 1 == == :.;.W“"’"
11, 1537.3 il
2|2, 29317 w
3|3, 54482 B
4[4, 7053,
5|5 7567.1
6|6, 11155
4 .

FipEEiEEE
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Process and Objectives

E  Input Parameters |

> A Y | B > C i@ Geometry Stage (A1) 119
2 @) Geometry 2 & TuboMesh v 2 @ setup s & TurboGrid (B1)
—>3 |(pd Parameters —>3 | [(Bd Parameters 3 @ solution ¥ 4 @ TurboGrid (D1} » ~ I —~ ii — —
Geometry Stage TurboGrid 4 O Results vV 4 @ TurboGrid l: Gl:l
5 (B2 Parameters —
B @Y CFx(C1)
CFX
\ b Pis nPitchs L
b P15 MPikchR 1
= b v E - F b P14 nPibchIGy
, 1 1 : -
2 | TuboMesh v 2 & EngneeringData v/ 4|2 & EngineeringData 4 p_PI7 ryAir P
>3 (5 Parameters 3 @) Geometry v 4—+—m3 ) Geometry v 4 [}P‘ P18 iy AirR
TurboGrid 4 @ Model v M4 @ Model v 4 I:}pv P19 Ty omega
5 @ setup v 4 /-05 @ setup 4 [}P‘ Fol Mymass
6 | @ Solution ¥y 21 6 @ solution ¥ _
? @ Resuts 7 7 @ Resuks 7. b P21 w L1 JADUT |
> 8 | (pd Parameters — 8 |(pd Parameters o [}P‘ pzz pin
Static Structural Modal = @ Skatic Struckural I:EI:I O -l m B
[}p pa9 Face Sizing Element Size
= . b pag Mesh Max Size
1 b pat Mesh Min Size
2 g Turbatesn " b paz Mesh Max Face Size
>3 (pd Parameters
L . .
e p P93 Rotational Velocity £ Component
b pos WiewExpand ARG1
b P11 Density
» r E -
pd Parameter Set Total PreSS u re — m aX B PlLLZ Young's Modulus
. b P113 Poisson's Ratio
Stress < Limit @ vodsl 1) 24 Ourbe
N O ReS O n an Ce [}p Mew inpuk parameter Neﬁa : U J U
Qukput Parameters ™ & = K £ =
Charts -/ -
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(pd Parameter Set

Maximal Stress

* CoP=86%

v B

 EE.

2l Parameters

3 B4 DOE

4 | B mor

5 | . Results
Sensitivity

© 2011 ANSYS, Inc.

— Statistic Is reliable
— Detect important V
.— —Parameter Reducti

« MOP is plausible

¥ i

7
?
7

on

MLS approximation of Equivalent_Stress_Blade_Maximum
Coefficient of Prognosis =

2.98e+008

2.90e+008
2.85e+008
2.80e+008
2.75e+008
2.70e+008
2.65e+008
2.60e+008
2.55e+008
2.50e+008
2.45e+008
2.40e+008
2.35e+008
2.30e+008
2.25e+008
2.20e+008
2.15e+008
2.10e+008
2.05e+008
2.00e+008
1.95e+008
1.90e+008
1.85e+008
1.80e+008

86 %

eAinbg

Yi

2|9 SSa.

e

1.75e+008
1.70e+008
1.65e+008

[8371] wnuwix

56
52 -S:Lx"““e‘a

Coefficients of Prognosis (using MobP)
full model:

CoP = 86 %

! INPUT: MeridianPlanéHubR4 !
2 %

INPUT: RlSL}dBetal
o

INPUT: IGVShdBeta3
4 %

INPUT: MeridianPlaneHubR6
5 %

October 1, 2012

EQD INPUT: MeridianPlaneHubR3

o 6 %

o INPUT: R1MidBeta2
— 7 %

INPUT: Ri1HubBeta2
— i 8 %

= INPUT: R1MidBeta3
s 10 %

'_'N INPUT: R1HubBetal
14 %

INPUT: R1MidBetal

| 34 % L 1
20 40 60 80 100

)P %1 of OUTPUT: Eauivalent Stress Blade Maximut
e



Aero Dynamic

Coefficients of Prognosis (using MoP)

'Pd_Parameter Set ) full model: CoP = 64 %
l T INPUT: RiMidBeta3 ' |
4%
50 INPUT: MeridianPlaneHubR1 J
Ju_j 6 0/0
= B w E . INPUT: R6lgj°|dThk
!
1 Sensitivity [ INPUT: R1MidBetas |
. Q 1 %o
2 W Parameters /S —— - INPUT: R1ShdBetal
- -] 15 %
3 | g DOE i - INPUT: IGVShdBeta5 i
= : — 15 %
4| & mor ® 5 INPUT: R1MidBetal P
, D _ 2
5 K/ Resuts 7 4 *—*—'_4(7—17*/0 80 g
20 : =
Sensitivity CoP [ %] of OUTPUT: pt ratio_St

e CoP=64% and 65%

Coefficients of Prognosis (using MoP)

full model: CoP = 65 %
INPUT: R1HubBetal |
4 Y%
INPUT: IGVHubBeta2 i
6 %
INPUT; MeridianPlaneHubR7 CoSHiGIEnt of Prognosis 288 %
7% 7

INPUT: R1ShdBeta2 4
7%

—small value |
—Numerical error?
—Model error?

* Important Variables
—Parameter Reduction

* MoP is plausible

6

arameter

4

INPUT: S1ShdBetal
12 %

2

INPUT p

INPUT; R1MidBetal i

14 %

INPUT: R1ShdBetal

P | 29%,
20 40 60 80

CoP [%] of QUTPUT: myeta_pl_St
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Trouble Shooting for small CoP

W

 Number of Evaluated Designs? /”
—Check CoP(80)~CoP(150)

* Numerical Error?
— Best-Practice!

* Model Error?

* Multiple-Mechanisms
—Use alternative Output

* Options:
—Design Optimization
—Meta-Model in Subspace
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Design Optimization, Strategy

Sensitivity Analysis: T ML

S
_ A
* Shows potential 3l !
. = ,‘
e Indicates global optimum oy [
 Parameter reduction gg
 Modify parameter space &g
3 . . |
'-60 -58 56 -54 -52

R1ShdBetal

Strategy:
* Get best Design from SA/MoP

» Evaluate this Design and get initial for:

coermcients or Frognosis (using M
full model: CoP = 64 %
: 2 .

* Optimization in sub space: ARSM l e
qé |,l NPUT: R r-4° T ‘
- Small Number of Parameter L TR e *\
. Global Optimum § e =
20 40 60 80

CaP (%1 of OLITPIIT: nt ratin St
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Design Optimization, Summary

Initial | Best De5|gn Best Design | Best Design
Design Solved (MoP) ARSM

Efficiency [%] 87.0 88.0 88.9 (91.0) 88.9
p,.: Ratio [-] 1.41 1.41 1.41 (1.44) 1.41
Max. Stress [MPa] 219 235 232 (230) 239

#Designs 1 150 1 (0) 100
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Summary

optisLlang

||||||||||||||||||||||||||||

AUTOMATIZATION
OPTIMIZATION

MULTIPHYSICS
COUPLING

BR
DE
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