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Strategic aim:
Use cohesive zone modelling (CZM) in modelling of wind

turbine blades
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Strateqgic aim:

Use cohesive zone modelling (CZM) in modelling of wind
turbine blades

Short term aim:

Demonstrate the capability of CZM - test accuracy of
strength predictions, in particular

* investigate sensitivity to cohesive law parameters
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e Part 1: Measurements of cohesive laws

e Part 2: FE Modelling

e Part 3: Comparison with experiments
(medium size specimens)

=
=
=

i



Cohesive Zone

[\ - AL
5 7 %2 -
5} Jﬂ//}mzzi—i

> & e

Stresses depend on separations:




Cohesive Zone

.. =
5 7 X -
5] ¢ ﬂ’/;mzzi—i

> & e

Stresses depend on separations:

a)




=
—
=

i
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dJ " dJ .
E:Jn(an) Fi:o-t(é‘t)
ds; ds,

here &, is the end-opening here &, is the end-sliding
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nder pure normal opening nder pure tangential opening
"mode I1")
dJ .
= Oy (é} )
ds,

here &, is the end-sliding

) measure fracture resistance, Js, end-opening, ¢, and
end-sliding 67, during experiments - DCB specimens
oaded with uneven bening moments (DCB-UBM)

0) determine pure mode cohesive laws by differentiation
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e Part 1: Measurements of cohesive laws

e Part 2: FE Modelling

e Part 3: Comparison with experiments
(medium size specimens)
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Abaqus Explicit commercial code used to solve the problem under
guasi-static conditions (prescribed displacements)
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s <—Cohesive zone

Abaqus Explicit commercial code used to solve the problem under
guasi-static conditions (prescribed displacements)



Normal stress

Shear stress

HE



¢ =tan?(5/5,)

HE



|

Assume ¢ = y (phase angle of openings ¢ equal to

ominal mode mixity )

Decreasing peak stresses
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e Part 1: Measurements of cohesive laws

e Part 2: FE Modelling

 Part 3: Comparison with experiments
(medium size specimens)
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Phase angle of end-opening, ¢*, increases with decreasing
/h, (thickness ratio) ... i.e. more Mode Il
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» explore the effect of peak stress and critical separation

Normal Stress, o (MPa)

15.0
12.5
10.0 |

7.5
5.0

25

0.0 L—

0.0

L 0 4 PR
1.5 2.0 2.5
Normal Opening, 5 "mm)

3.0

—

Shear Stress, o, (MPa)

HE

Tangential Opening, 5, (mm)

: ¢ =90°
o5 5 = 26.00 MPa ;
5 =0.28 mm ]
Of ]
: 5. =20.15 MPa :
5f &= 1.40 mm -
5 >
Of 5 = 16.44 MPa ;
] = 0.45 mm
0 : PR [ TN T TN S N TR | I PR 1
0.0 0.1 0.2 0.3 0.4 0.5



—_—

Applied Moment, F/ (Nm

4000 —

w
o
o
o

2000

-
o
o
o

1 1

hy/h,=1

1 L 1 1

100

200 300 400

Crack Extension, Aa (mm)

500

HE
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* Even quite approximate cohesive laws give results that
are in fair agreement with experiments

* Mixed mode results are sensitive to pure mode parameters
through changes in phase angle of opening ¢ ‘\/ﬁ
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e Even quite approximate cohesive laws give results that
are In fair agreement with experiments

* Mixed mode results are sensitive to pure mode parameters
through changes in phase angle of opening ¢ ‘\/7
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Conclusions
- cohesive zone modelling

e Even quite approximate cohesive laws give results that
are In fair agreement with experiments

* Mixed mode results are sensitive to pure mode parameters
through changes in phase angle of opening ¢
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