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e Remote location
* Rotor blades: costly and time-consuming repair
e |ce accretion: - Risk of ice throw

- Undesired loads

Localization and quantification of structural
changes using model updating
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Finite Element Model Updating
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Model Based SHM

Damage evept

Measurement Data

Reference Model

SHM algorithms
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Deviation between numerical model and ﬂ,,,.,;_! S D
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=) Quantification of the , difference“ between model and measurement

Modal parameters

e Eigenvalues - wm—w.s(é’)H2 +Y gl — @L(8)]]:

e Mode shapes “m i€y

Transmissibility functions

— | TFZ,; —TF3,:(0)l2
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Minimization of the deviation ,ﬁé ,qu T
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. * Nonlinear
min 2(@) _
6 e (Constrained
Hll] :'j(\('t t-';} f'J(H) 2 U I'?'.l f. - I P Nonconvex
e Several local minima

Global optimization algorithm: 2
=) Simulated Quenching

Local optimization algorithm:
=) Sequential Quadratic Programming
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e Hammer excitation

| Ll
e geophone : 5
» accelerometer -u 0e

1 | 1 | l 1
3/7m 12m 15,5m 20,5m 27,4m 34.2m
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e Hammer excitation

e 12 measurement channels

e |ce mass

e Damage

Irailing edge bondline:
Spot of damage initiation Side (sutside)

railing edge - Pressure

Leibniz
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Numerical Modeling ,;,“WS D
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Girders Webs
A
¢ ReCtangUIar CFOSS SeCtlon L%:. Lee;dlng _____________ T;i;;ir;g
(T edge
e Known: El and mass \ Airfoil

Edgewise

Pressure side

e 26 Timoshenko beam elements

e Clamping at blade root

W N Hz we In Hz + in % Dir. MAC

: : 1. 1.069 1.048 2.0 flap  0.99957
 Material damping 2. 1.679 1.726 2.7 edgpe 0.99747
3. 3.113 3.128 0.5 flap  0.99731

. 5.643 5.390 45  edge 0.99727

5. 6.644 6.811 2.5 flap  0.99847

6. 11.536 11.999 3.9 flap  0.99712

7. 13.140 12.383 58  edge 0.99118

M 4.58 0.99682
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Numerical validation R e o i
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Stiffness reduction
Element 123 45 6 778 9 10 11 1213 1415 16 17 19 20 22 24 26 2]
number b el ey ] oo g | ool | pepootes) 4 ) )
. o< » 18 21 23 25
2 5 2 ) b b L
Distance to ooy O % /2 s 20 v 26 28 30 W32 W34
blade root 1 3 5 7 11 17 1975 22 25 274 29 31 33

11311 0(6)

subject to ¢, > 0,5V i €6
0; <1,01V: €@

>(1-6:)<0.5

i
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Numerical validation-
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Parameter number
1 2 3 4 5 6 7 8 9 10

| 3,975

15,032 -

| 3,404-107%°

1076

= | W | =

| 4,007

1,510 -

[

5,032 -

| =1 >

|
| 3,272
| 1,496 -

4
3
—
T |
e’ )
=]
1
0 .
1 2 3 4 5) § 7 8

Parameter number

DeepWind’18 18.01.18 11 Ll%)) L

Hannover



Numerical validation - ! s D
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Tra nsmISS|b|||ty Functions y’ 4.; Lmh:a;l;g;;ﬂrksmm
o(0) ) ) \ P Parameter number
! | 100 100 099 |
2 | 100 1004 0994
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! [EOT0N 0,983

5 0,0540 0,982
G

7 SRl | 100 100 100 | 100 | 1
8 2.2413

9 02233

10 2.0297

|
|

|

|

| [0 o0 0w ]
I T T
|

|

|

|

1 2 3 4 5 6 7 8 9 10
Parameter_ number

DeepWind’'18 18.01.18 12 Ll%:))



Ice accretion y
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[ Schritt 1
W Schritt 2
[ Schritt 3
[0 Schritt 4

e 4 steps \&%%

e Variation of density

e Optimization problem: min g(6)
mit 0; > 0,99V i €6
0, <1,75Yi €6
e Step 3: 14,4kg at 32m-33m and 33m-34m
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Ice localization - Modal Parameters PPNz et o s
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0(0)

Parameter number
5 6 7

1 2 3 4 8 9 10 11 12 13
1 || o065 1,003 [E22EN
> | _0ome [ 100 100 100 100 100 100 1029 1077 1046 | 100 100 | 100 100
5 [ oo | 100 100 100 100 100 100 100 100 100 100 0990 | 1100 1197
+ | oowe 100 100 100 100 100 100 1040 1170 111l | 100 100 | 100 100
5 | 00197 [ 400 1000 100 100 100 100 100 100 1062 1103 1024 | 1000 100
6 | 00 [ 100 100 100 100 100 100 100 100 1020 1113 1051 | 100 100
7 [oows | 1eo 100 100 100 100 100 100 100 100 100 100 | 112 | 1200
5 | o099 | 105 L147 1023 [ 100 100 100 100 100 100 100 100 | 100 100
o |[ oome | 100 100 100 100 100 100 100 100 100 100 1004 |NNESEN L1556
o om | 10 1023 100 100 100 100 100 100 100 100 100 | 100 100
11 [ 0.0165 | 000000700700, 001 00 00000 00 00n| 1,093 [

e Correct Localizationsinruns 1, 3, 7,9 und 11

» Verification using objective function value

* |ce localization using modal parameters is possible
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Ice quantification - Modal Parameters Nz ot ron stk
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Conclusion & Outlook f,:\§ D
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Conclusion

e Updating in numerical examples
and for ice quantification successful

 Minimization using global two-step optimization algorithm

 No success for damage localization Ysing measwggg datasuction side]

e Modal parameters superior to trbnsm|.c

i V gl s t Trailing
_________ 2 edge

7 Airfoil

Flapwise
—
)
o]
=
3
()

Edgewise

OUtIOOk < > ‘ Pressure side

* |nvestigate more advanced metrics for model updating
e Application to changing conditions (in situ)
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Thank you for your attention!
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