
Aalborg Universitet

Structural gradient based sizing optimization of wind turbine blades with fixed outer
geometry

Sjølund, J. H.; Lund, E.

Published in:
Composite Structures

DOI (link to publication from Publisher):
10.1016/j.compstruct.2018.07.031

Creative Commons License
CC BY-NC-ND 4.0

Publication date:
2018

Document Version
Accepted author manuscript, peer reviewed version

Link to publication from Aalborg University

Citation for published version (APA):
Sjølund, J. H., & Lund, E. (2018). Structural gradient based sizing optimization of wind turbine blades with fixed
outer geometry. Composite Structures, 203, 725-739. https://doi.org/10.1016/j.compstruct.2018.07.031

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

https://doi.org/10.1016/j.compstruct.2018.07.031
https://vbn.aau.dk/en/publications/70b97991-00f5-474f-bf37-15c7ccd70725
https://doi.org/10.1016/j.compstruct.2018.07.031


Downloaded from vbn.aau.dk on: December 05, 2025











































5 10 15 20 25 30 35 40 45 50

Iteration no.

2.4

2.5

2.6

2.7

2.8

2.9

3

3.1
104

0.6

0.7

0.8

0.9

1

1.1

1.2
Mass and tip displacement iteration history

Mass
Tip displacement LC1
Post-processed

5 10 15 20 25 30 35 40 45 50

Iteration no.

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4
Minimum buckling load factor for each load case

LC1
LC2
LC3
LC4
LC5
LC6
LC7
LC8
LC9
LC10
LC11
LC12
Post-processed

5 10 15 20 25 30 35 40 45 50

Iteration no.

0

0.2

0.4

0.6

0.8

1

1.2
Maximum failure index for each load case

LC1
LC2
LC3
LC4
LC5
LC6
LC7
LC8
LC9
LC10
LC11
LC12
Post-processed











0 10 20 30 40 50 60 70

Blade length (m)

0

10

20

30

40

Thickness of Root UD

Initial ply-group thickness
Optimized ply-group thickness
Post-processed ply-group thickness

0 10 20 30 40 50 60 70

Blade length (m)

0

10

20

30

40
Thickness of TE UD DW

Initial ply-group thickness
Optimized ply-group thickness
Post-processed ply-group thickness

0 10 20 30 40 50 60 70

Blade length (m)

0

20

40

60

80

Thickness of MA UD DW

Initial ply-group thickness
Optimized ply-group thickness
Post-processed ply-group thickness

0 10 20 30 40 50 60 70

Blade length (m)

0

20

40

60

80

Thickness of MA UD UW

Initial ply-group thickness
Optimized ply-group thickness
Post-processed ply-group thickness

0 10 20 30 40 50 60 70

Blade length (m)

0

2

4

6

8

10
Thickness of LE UD

Initial ply-group thickness
Optimized ply-group thickness
Post-processed ply-group thickness



0 10 20 30 40 50 60 70

Blade length (m)

0

20

40

60

80

Thickness of TEC Balsa DW

Initial ply-group thickness
Optimized ply-group thickness
Post-processed ply-group thickness

0 10 20 30 40 50 60 70

Blade length (m)

0

20

40

60

80

Thickness of TEC Balsa UW

Initial ply-group thickness

Optimized ply-group thickness
Post-processed ply-group thickness

0 10 20 30 40 50 60 70

Blade length (m)

0

5

10

15

20

Thickness of LEC Balsa DW

Initial ply-group thickness
Optimized ply-group thickness

Post-processed ply-group thickness

0 10 20 30 40 50 60 70

Blade length (m)

0

5

10

15

20

Thickness of LEC Balsa UW

Initial ply-group thickness
Optimized ply-group thickness
Post-processed ply-group thickness

0 10 20 30 40 50 60 70

Blade length (m)

0

10

20

30

40

50

Thickness of SW Balsa

Initial ply-group thickness
Optimized ply-group thickness
Post-processed ply-group thickness



0 1 2 3 4 5 6 7 8

Blade length (mm) 104

Mode 1

Mode 2

Mode 3

Mode 4

Mode 5

Mode 6

Mode 7

Mode 8

Initial: buckling mode shapes and load factors for LC1

1
 = 2.27

2
 = 2.27

3
 = 2.38

4
 = 2.38

5
 = 2.42

6
 = 2.43

7
 = 2.45

8
 = 2.46

TE DW
TEC DW
MA DW
LEC DW

LE
LEC UW
MA UW

TEC UW
TE UW
SW LE
SW TE

Mode shapes
along paths:

0 1 2 3 4 5 6 7 8

Blade length (mm) 104

Mode 1

Mode 2

Mode 3

Mode 4

Mode 5

Mode 6

Mode 7

Mode 8

Optimized: buckling mode shapes and load factors for LC1

1
 = 1.96

2
 = 1.96

3
 = 1.96

4
 = 1.97

5
 = 1.97

6
 = 1.97

7
 = 1.97

8
 = 1.98

TE DW
TEC DW
MA DW

LEC DW
LE
LEC UW
MA UW

TEC UW
TE UW
SW LE
SW TE

Mode shapes
along paths:

0 1 2 3 4 5 6 7 8

Blade length (mm) 104

Mode 1

Mode 2

Mode 3

Mode 4

Mode 5

Mode 6

Mode 7

Mode 8

Post-processed: buckling mode shapes and load factors for LC1

1
 = 1.99

2
 = 2

3
 = 2.02

4
 = 2.03

5 = 2.03

6 = 2.06

7 = 2.09

8 = 2.1

TE DW
TEC DW
MA DW
LEC DW
LE
LEC UW
MA UW
TEC UW
TE UW
SW LE
SW TE

Mode shapes
along paths:





0 1 2 3 4 5 6 7 8

Blade length (mm) 104

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

M
a

x.
 fa

ilu
re

 in
de

x

Maximum failure index of MA DW in LC1

Initial
Optimized
Post-processed










