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Classification of Optimization Problems

?op imization
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What is Optimization Good For?
- Designing Birthday Presents

} minimum motion of inner balls

min max{
v, Ax, € t

min T
p(p)
st. s(T)=s§

minimum time

Ql
min maximum stable speed range
PP Q- Q"

Q= min Q st maxRe(4;,)<0
0<Q<Q, j

Q"= min Q st maxRe(4;)>0
Q'<0<Q, J
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What is Optimization Good For?

» Designing Birthday
» Solving Problems of

max or or
g (f”) 5 st tan @< U,

min 0z

P(W) 0z

ideal contact geometry

2 .

T

min Y+wr'r
r,S,y 0
S.t. Srk :Gk /ﬂo g SO < 7

ideal ring shape
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What is Optimization Good For?

- Designing Birthday P
» Solving Problems of
- System Identification

 system parameters
« dynamic behavior of passive components

« actuator behavior
(hydraulic, pneumatic, electro-mechanical)

e control behavior

N
0




What is Optimization Good For?

» Designing Birthday Pr
» Solving Problems of E
- System Identification
« Virtual Prototyping

multibody systems (vibrations)
mechatronics (control design)
hardware-in-the-loop optimization
multi-disciplinary optimization

l\_
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Why Multi-criterion Optimization?
a technical point of view

scalar
optimiz

O >
single optimal solution P

vector
optimiz
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Reduction Principles for Vector Optimization

vector optimization problemin
- scalarization
(weighted obj., distance method,
goal attainment) : '
 hierarchization

(hierarchical opt.,
compromise method)

<object|ve 1
<object|ve n

scalar optimizat scalar
optimization algorithm
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F
physical modeling !

Example 1: Horizontal Platform Insulation

problem: increase of horizontal damping

F=(p,-p,)A g _ AOFE |
sP1, 1
‘/1 V2 Qi =Aivi
‘/1=_A0y+qL(pl_p2) Qa =Aava
V,=-0-4,(p, - p,) Vopon, =k

Linearization

AF = Ap A,
Ap, =—q, (@+ B)Ap, + aAyq, Ay + ah, Ay +afq, | Odr

AF+ 52 g -fk Ay + (k +ky ) Ay

2 2
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Example 1: Horizontal Platform Insulation

muIti-measuremen_

experimental
setup

objectives u=Y we,,

o=z

i

O =0,

w, 2

1/r
-
,r=>1

Simulink model

2

dt
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Example 1: Horizontal Platform Insulation

objectives to be minimized
A . . 5
H =max ‘H (l(l))‘ f (Hz)
A[=I%@' @ 4 . S oe
- passive
(T 3
N 2
N 1 active
J L
assive 0 "
p kl _A'Ix>,AX M kl " 1 15 2 25 3I-AI 35 4
_I | pP= [p 0 SBV] 0.28 0.203
W 4 bar< b < 6D 76 oare| |
Auc g @AWL sz ar= po =bbar 0.24 0201 Lo
Wr < < 326 327, 3.28
055, <6 ‘:‘: passive
Aug 03| k3 Aw : '
)< .
Aug Re(4)<0 active \
: ‘ ,
active qg;AxA M p==[P0 l)]

4bar < p, < 6bar

-0.012< D <00
Re(4,)<0
bi-criterion problems

passive

SN
active

stream flow control Q = D Ax
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Normal Boundary Intersection Approach

related to |. Das and J.E. Dennis

single EP-solutionill
min !
peP, ¢
st. Fp+tn=1(p)

recursive k
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Recursive Knee Search

individual minima

« initial design
p¥ =p; +/l[1+8 rand(—l,l)] (pj —pf)

1€ (0,1), 86(0, min{l,%—l}j

eg. £€=02, A1=05

initial design

* bounds on knee search
1) te[-L1],
2) BeBuin> Pmaxl> €8 B<10.4,0.6]

fulfilled
\ 4

stopping recursion
criteria loop

fulfilled

global optimality
trade-off curve

Matlab applet
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Example 2: Compressor Design Process

VIT-project (Virtual Turbomachinery, LuFo lll)

LLLLL

Improvement of current Rolls-Royce compressor design process
by tool integration and optimization

—» step 1: tool by tool analysis of current
I @ compressor design process
' —» step 2: automation and integration of

single analysis tools into an
oo

optimization environment

o
| o
o0

]
&
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Aerodynamics (Keskin

Meanline
Prediction

)
Throughflo>> 2D Blading>> 3D Bladin>
0 ! /

T

S W2 4
e e B - .+ 2 :__; - :r - ." l\‘;\\n
] High Cycle and Low Cycle
Design 2D-Thermal Fatigue
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Matlab applet

Meanline
Prediction

Annulus Line

 classical o
point-wise definition

Mid-Height Line Thickness Line

R
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Meanline
Prediction

max 7)c poly

=G BV SM > 25%

max ¥; <0.6 max DFiR <0.55

l I

max M X <1.1 max DF" <0.55
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es with 4

n

Spl!

r=-

e

Prediction

Meanline
Results for Béz
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Meanline
Prediction
explanation for sub-optimal'SOIUtIONM 1. parameterization too restrictive

Mid-Height Line Thickness Line

E3E3has two

turning-points -
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Meanline
Prediction

max 7)c poly
P

max SM SM =>25%
p

max ¥; <0.6 max DFiR <0.55
i i
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human design

to Opitimal Solutions for Meanline Annulus Modification

[

Pare

[°6] NS :_m._ms_ abing

Meanline
Prediction

Matlab applet



Meanline
Prediction Optimised Annulus Line for max Surge Margin

E3E

- o o o o
L -
—-— -
- -
. -
. - -
—
- - B
- — =
- o = o = mm

- -

max. surge margin

1 | 1 | ' |

Optimised Annulus Line for max Efficiency

max. efficiency

1 | | ]
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human design
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Meanline Annulus Line & Pressure Ratio Optimization
Prediction

p=[bx2,by2,bx3,by3,bx4,b t 1 t, ot ,t

4
Vg2 X2 Yy X3 T Y3 7 T Xy T Yy

ph’p%’ph’p%’p%’pﬂ’ph’p%]

T

Parametric Stage Pressure Ratio Distribution

pressure ratio
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Meanline Annulus Line & Pressure Ratio Optimization
Prediction

mlgl.X e, poly

TS ALY | SM >25%
p

max~Ils ignored

Y

max ¥; <0.6
l

max DFZ-R <0.55
l
max M;; <1.1 max DFZ-S <0.55

l l
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Meanline Annulus Line & Pressure Ratio Optimization

PI‘GdlCtlon Optimised Annulus Line for max Efficiency Stage Pressure Ratio

12 Bl 2
10 1.8
&
8r : ‘u.
: 14 i Tt
e : 8=
2 ; 1.2 : 8-g
a i .
0 5 10 15 20 25 30 2 4 6 8
s . . 2
Optimised Annulus Line for max Surge Margin
"‘-n--'a"'ﬁ:n*
8F 1.4 5 . -‘0.;‘“- .
e:a
£
6F 1.2 : =g
i i 1
0 5 10 15 20 25 30 2 4 6 8
i : 3 2
Optimised Annulus Line for max Pressure Ratio
e e e g B R S i e e ik
: &
: SRR : 2 1.6 -Q_F-eh _
B o ¥-8 -2
14 o R
1.2
: 1
30 2 4
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Prediction 1
edictio Comparison: some numbers

function | converged | feasible total
evals time
MIGA 4CP 7166 4174
8000 19.3h
(Annulus) (~90%) (~58%)
MIGA 5CP 13743 5559
16000 30.5h
(Annulus) (~86%) (~40%)
NLPQL 5CP — 10637 839 189h
(Annulus) (~99%) (~8%) '
MIGA 5CP

(Annulus+PR)

NLPQL 5CP
(Annulus)

best efficiency
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Off-Design
Process Overview

Design Point Data
{DT1 & OT2)

| Run ¢263 at Design Point ‘

Extract Rotor “Relative Whirl Angle” from q263 Output
File and Substitute “Stage Pressure Ratio” in DT2

v

Run 263 with Changed DT2 Input Data Off-Design Conditions
Accuracy

Apply Off-Design Conditions Received from Performance
ATT, |/T1, <1%

+ Inlet Total Temperature

Multi Criteria + Inlet Total Pressure ‘AT . ‘< 1K
Problem 0,exit | =
+ Inlet Mase Flow
An/n » Shaft Speed ‘A r;c,,-s‘ Mg js <1%
+ Bleed Air =xtraction ‘A 5 “m <8
- . . =~ n
min | ALT/TI « VSV Exit Whirl Angle from VSV Schedule Hin|' Min
AD. ¥
AT . 7
Local Blade File - |
) L 4
Run 263 at Design Point =1

Adfistment/Scaling of

Adjust | L
Compressor y Blade Loss Assumptions /'f

- ICHHSSS ok ZLZ ' ¢ | - Blade Deviation A

263 Qutput

- Convergence
Local Blade File Achieved
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human 1Sight 1Sight 1Sight
eng. (Casel) (Case2) (Case3d)
No. iterations (feasible) 23 98 46 22
overall opt. time 8 h 3.6h 1.6 h 0.76 h
time for one iteration ~21min ~2.1min ~2.1min ~2.1min
IT criterion (AIT/II < 1%) 0.22 % 0.19 % 0.063 % 0.032 %
M criterion (ANM <1%) 0.53 % 0.023 % 0.544 % 0.162 %
T criterion (AT < 1K) 0.83 K 0.03 K 1.2 K 0.98 K
design parameter 1.01857 10.964143808 1.0 0.95351
design parameter AD -0.59 1-0.59293051 -0.5 -0.62655
eng.
multi An/n nonlinear AnY AIT )
criteria min| AII/T1 | == programming min u  where u= [100-—) +(100-—] +(AT)
problem 4% AT problem 0% n I
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Additional Devi

Converged
Solution
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Conclusions

* by nature, technical design problems are multi-criterion optimization
problems

» multi-criterion optimization is a valuable tool for a variety of practical
applications as
- optimal system design (active and passive)
- identification
- search for admissible solutions (stability)

» multi-criterion optimization cuts down costs by releasing human
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