180

160

140

o o
o« o

120
100

Jead uj sjuapioay

g

o
(&}

€102
cloe
Loz
0Lo0z
6002
8002
24002
9002
s00z

Year

002
€002
c00z
1002
0002
6661
9661
661
9661




Downwind side

Towards tip
Trailing edge

Upwind side

Internal beam
(load carrying box)

& ]

Sandwich panel
% Adhesive layer

Flange
Core (load-carrying laminate - compression)

Adhesive layer Adhesive joint

Web )
(sandwich) Flange

(load-carrying laminate - tension)

8
LI T A T L
# " # ( " # b ) " "
" " # *  # "1 T %
+ ") " # "
L "1 & + # 0 L "%,
" LI 2 T /4

! Strensen, B. F., Jirgensen, E., Debel, C. P., Jens en, F. M., Jensen, H. M., Jacobsen, T.K., and
Halling, K. "Improved design of large wind turbine blade of fibre composites based on studies of scale
effects (Phase 1). Summary report". Riso-R-1390(EN), Rist National Laboratory, Denmark. 2004






"O# # ") he * - $ 1 2 (h w#o o~
# " ! # " %

1.
4




"O# # " )O he - $ I 2 (% 3 k0 *

-
&+
I+
-
I+




LT R

t.“_“.m.-_n'.n-..u.u.-n...n ]

Dry laminate.

Epoxy Filler in Laminates.

Crack in Care Material.

Foreign Object in Laminates (Masking Tape)

Foreign Object Causing Laminate Void. (Wood Splinter)
De-lamination.

&

& "
# "id "4 " # #MOTheH
# " " ! # mn ll%



)0



Load

Edge Boundary Candition

Load

)OS D | " " " b



Edge Boundary Condition ——

Load




)0$




00B: OWaZodt AbsauuSansess 6112 Man Jen 20 14:35:45 GHT Suandnd Tome 2012

)0

u, U2
+2.947e-04

-1.274e-04
-1.696e-04
-2.118e-04

00 OWaZoso  Avsaea/Sansa

Sep: gt
s

€' ar. e Piace Pincoal
e D i e +1.000e000

3 g Toe = 1000
6" Catarmation Seate Faciar: +1.0000400

)0 b

69

12 Man dan 23 142545 GHT Stansess Tome 2002

&




Y0189

)0 49

2

2

'}



)0 &

4

4

—>4

) #



J
\\

- =

o=

>f



" 9 -=8 by " moo

I 4 It

(1] " ! " % & - ( % % (% )*%
§'5S " 9,
&#l 4 " " " ll9 All(%

N
' 1
~o/
AN
' 1
\_rl
mn "

=8 (-=8 6 "-=8 @&BCH "



\ /
\h—'
Piahd
4 \\
I 1
\ 7
\\—’

- " =8 @
=8 § "-=8 WBCH

==



N\






0 &#

D&’

g™

$

&lll

D& *

&

D

ll&l



&

)

2

=

&



)

&

STRDY

h &



b &






&

&III



&l
# -)8 "L'5
g - ' e ! g
TR " L' O"LH ! " 6

& " &



$



- 0 24"
. b - - bat) r
8 ") r P gt



(€)

(b)

(d)

fé *



(@)

(b)
TR



4

16

"



)0



) 0 "
# "0 0 " " # "

- " R b



ll# (1]

||# (1]



Loading

state 1 :> state 2

Read Speckle Read Speckle
pattern 1 pattern 2

Calculate the subtraction of
the two speckle patterns

Generate a shearogram

!

Filter and phase extraction
(algorithm:FTM and SPT

Phase map evaluation and
defects analysis

"






)84



(1] &#I

*

&

b gt )

")
# *



&



4 #

#

)0
h &'

gt

$

he !



6

E



Figure 54 Concept of the robotic platform: a system overview.
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Figure 58 CAD snapshots of the ladder pulley mechanism, winch and safety mechanism.

Figure 59 Absolute encoder of the ladder mechanism and limit contact sensor.
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Principle of a two-step interferometry phase extraction appr oach

This approach is based on Spiral Phase Transformation and optical flow. The optical flow
method calculates the motion field at every pixel position between two image frames that are
taken at times t and t + t. An arbitrary pixel at time t given by (x; y; t) and with intensity
I(x;y;t) will move between two consecutive frames to the position(x+ x; y + y; t + t) with
intensity I(x+ x; y + y; t + t). Assuming the movement is small, the intensity map at t+ t
can be expanded as:

I(x+Dx,y+Dy,t+0) =I(x y,t) +, DX 4, B + (1)
I I - : :

where IX, Yand 't represent the derivatives of | with respect to x, y, and t. It is reasonable

to assume that the brightness of an object does not change over time. Therefore, we have

Hx+Dxy+Dyt+0) =I(xy, t), hence Equation (1) can be rewritten as:

Lu+l v+l =0 (2)

u=x V=Y, : :
where and corresponds to the velocity components. Equation (2) can be used
to determine the components of the movement in the direction of the intensity gradient, but it
is not possible to obtain the components along the direction of the iso-intensity contours. As
a consequence, the flow velocity (u; v) cannot be computed locally without introducing
additional constraints. One way of addressing this issue is to impose smoothness in the u
and v fields. A regularized optical flow method has been developed, and is described as
follows:

Firstly, an energy map is defined as:

E? = (Lu+1,v+1)2+/(uf +ul +v; +Vi) 3)
where E is the energy to be minimized and is the regularizing parameter that weighs the
smoothness of u and v. From Equation (3), it is possible to obtain an iterative solution using

the Gauss Seidel method:

—k —k —k
TASEITIRRN (AT RS R VLA Lol

—k —k —k
VRSV LU LV 172412419

(4)




where U and V' are the velocity components obtained in the iteration k+1 and Yand v
correspond to the mean value of u and v in a defined neighbourhood (typically of size of 5
5 pixels). Once the u and v maps at every pixel are obtained, we can calculate the direction
map as:

h= arctang )
u ®)

In a two-step PSI, we have two patterns of the form:

I, =a+bcosf wt) t=0, ©6)

where a is the background illumination, b is the modulation term, is the modulating phase,
and the instantaneous temporal frequency. If we suppress the DC component of I, in
Equation (6) by using a high-pass filter and apply the SPT operator, we obtain:

SPT{l }=iexp(Ap sinf #t) t =0, -

K=b cosf wt)

where and SPT corresponds to:

M ey
W (8)

where is the direction map, FT means 2D Fourier transformation, and x and vy are the
coordinates in the Fourier space. Note that, if there are only one or two fringes in the
interferograms, we can always subtract the DC component to normalise the interferograms.
In our case, we propose to calculate the direction map from two interferograms using the
regularised optical flow method described above. From Equation (7), if we know the direction
map, we have:

SPT{ }=FTY(

bsing #wt)=-iexp(h )SPT{} t= 0, )

from which we can obtain the modulating wrapped phase as:

j =arctan{ i expf |ﬁ)SPT{t }

) t=0;
g (10)



