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Abstract 

A first step in assessing the fatigue properties of the 
WTS-3 wind turbine blade material has been undertaken. 
Hereby flat test specimens of filament-wound material 
have been used for the fatigue tests.  Wöhler-diagrams 
(SN-curves) have been produced both at purely tensile 
loading £ = Qnfin /Ü"max = 0 and at completely reversed 
loading R = -1 . " The results show, as expected, that 
compressive loads are detrimental, due to local fibre- 
buckling, resulting in a substantial lowering of the 
entire SN-curve. 
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INTRODUCTION 

A  first  step  in assessing  the   fatigue properties  of the 

WTS-3  wind   turbine  blade  material  has  been  undertaken. 

Hereby   flat   test   specimens   of   filament-wound  material have 

been  used   for   the   fatigue   tests.   Wöhler-diagrams   (SN- 

curves)   have  been  produced  both  at  purely  tensile   loading 

R  = a   .   la =0  and  at  completely   reversed   loading  R=  -1. 
rain  max 

The results show, as expected, that compressive loads are 

detrimental, due to local fibrebuckling, resulting in a 

substantial lowering of the entire SN-curve. 

2       SPECIMENS AND MATERIAL 

The WTS-3 wind turbine blade is a shell structure, see Fig. 

1 [o], made of a filament wound glass reinforced epoxy 

material. The load carrying member of the construction is 

the spar which forms the leading edge cell. The trail edge 

cell provides for the aerodynamic contour of the airfoil. 

The blade root is bonded and bolted to an inner and an 

outer retention ring for attachement to the hub. 

The material in both the spar and in the shell is a lami- 

nate consisting of E-glass filaments bonded with an Epon 

826/Jeffamine D-230 epoxy resin. 

Fibre orientation in the spar is changing gradually from 

±30", to the span direction, in the inboard region to ±20* 

in the tip region. In the shell 23% of the filaments are 

oriented at 90° to the span direction, these filaments form 

the top and bottom layers, and the remaining 77% of the 

filaments are oriented at ±60° to the span direction. 

For this study it was agreed [l--4] to use specimens as 

shown in Fig. 2 with a fibre orientation of '±30* to the 

load axis. These specimens ware fabricated from a filament 

wound cylinder, made by Hamilton Standard. 
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The free length of the specimens is short enough to avoid 

Euler-buckling why the same kind of specimen is used both 

under  tensile  and  compressive   loading. 

3 EXPERIMENTS   AND   RESULTS 

All   test  specimens  were  provided  with   tabs,   see  Fig.   2,   in 

order  to  protect   the   fibres   from  the  hydraulic  grips.   The 

fatigue  tests were  carried out   in  closed-loop  servo- 

hydraulic   test  machines   at   a  controlled   frequency  of   10  Hz 

in  order   to  avoid  any  temperature   rise  due   to hysteretic 

heating.   All   tests  were  performed   in  a   laboratory  environ- 

ment with   normal  humidity  and  a   temperature T  -   22 *C. 

The   first   set  of  experiments  were   carried  out  at  a   stress 

ratio  R = a   .   la =  0,   i.e.   under   a  purely   tensile   load- 
"tiU mm'   max . 
ing.   The   results   from  these  tests   are   summarized   in  Fig.   3 

and  Table   1. 

The second set of data were produced at a stress ratio R = 

= -1, i.e. under completely reversed loading. These data 

are summarized in Fig. 4 and Table 2. 

It is found, as expected, that compressive loading results 

in shorter fatigue life than tensile loading does. This is 

due to local fibre buckling when the laminate is loaded in 

compression. 

4       COMPARISON OF RESULTS WITH HS-DATA 

In Fig. 5 are shown tensile fatigue test data, obtained 

from Hamilton Standard [5], for a i30* filament wound 

laminate of the same material that is being studied in the 

present work. The data in Fig. 5 were produced with a 

stress ratio R »  0.1.' 
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In  order   to  compare   the  data   in  Fig.   3 with  those   in  Fig.   5 

we  assume  that   the  ultimate   tensile   strength   (UTS)   of  the 

laminates  would  be   the   same   irrespective  of  the   tests   being 

performed  by  Hamilton  Standard  or the  FFA. 

For   flat  specimens,   as   shown   in  Fig.   2,   the  ultimate  ten- 

sile   strength   is   given   to  40   000  psi   [5]  which   corresponds 

to  275.7 MPa. 

Measurements   performed at  FFA  on   the  same  kind  of  specimens 

that  are  being   fatigue tested  give  UTS  =  ——~  [MPa]   where 

the  thickness   t  of   the tested   specimens   varies   between  3.8- 

3. 9  mm. 

As   this   value   of   UTS   is   lower   than   that   one   obtained   by 

Hamilton  Standard   it   is   likely   that   there   is   more   resin   in 

the  FFA-specimens   than   in  the  HS-specimens.     Measurements 

show  that   the   FFA-specimens  have a resin   content   of   about   31 

weight   per   cent.   Since   most   of   the   load   is   carried  by   the 

fibres  we  will   use   an     effective   thickness   t   rr  = ef f 
= 960.6/275.7 «3.5 mm when comparing the two different sets 

of fatigue data in Figs. 3 and 5 respectively. 

The compared data are shown in Fig. 6 and it is seen that 

longer lifetimes were obtained at the FFA than at Hamilton 

Standard. This may partly be explained by mean stress ef- 

fects, the experiments being performed with R = 0 at the 

FFA and R = 0.1 at HS. Other possible reasons for the dif- 

ference could be different tabs on the specimens, different 

clamping devices or different test frequencies. 
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5       DISCUSSION AND FUTURE WORK 

The fatigue mechanism for an angle-ply laminate with 9<45° 

(8 = angle between fibres and load direction) is delamina- 

tion which will initiate at the free edges of a laminate 

due to the existence of interlaminar shear stresses at 
these edges [8]. 

The tested specimens are therefore likely to have yielded 

conservative results since the wind turbine blades do not 
have any free edges. 

Fatigue damage in angle-ply laminates with 6 >   2" is matrix 

controlled [8]. Thus we may expect the fatigue properties 

of the laminate to deteriorate when tests are performed in 

a humid environment and/or at elevated temperatures. 

It is therefore suggested to perform a new series of tests 

in a similar manner as described earlier in this report but 

in moisture and at the maximal design temperature T = 95°F » 
« 35CC. 
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ORIGINAL PAGE l*j 
OF POOR QUALi'iY 

No Width Load °F N % UTS  Comment 

[mm] [kN 

Min 
r] 
Max 

[MPa] 1 Cycles) 

1 50.8 0 49.0 275.6 1 100 

2 50.7 0 48.5 273.3 1 100 

3 50.5 0 36.0 203.7 < 10 73.9 

4 50.7 0 10.0 56.4 2 xlO7 20.4 Not failed 

5 50.8 0 29.9 163.1 430 59.2 

6 50.8 0 25.0 140.6 4600 51.0 

7 50.0 0 20.0 114.3 89800 41. 5 

8 50.6 0 25.0 141.2 4200 51.2 

9 50.0 0 17.0 97.1 768700 35.2 

10 50.6 0 20.0 112.9 35100 41.0 

11 50.6 0 20.0 112.9 31300 41.0 

12 50.6 0 16.0 90.3 1841500 32.8 

13 50.7 0 25.0 140.9 2640 51.1 

14 50.7 0 20.0 112.7 6200 40.9 

15 50.6 0 20.0 112.9 46300 41.0 

16 50.7 0 16.0 90.2 227009 32.7  overload 

17 50.8 0 14.0 78.7 1363000 28.5 

18 50.4 0 12.0 68.0 11254000 24.7 

19 50.6 0 16.0 90.3 2685200 32.8 

20 50.7 0 15.0 84.5 779200 30.6 

21 50.6 0 15.0 84.7 602100 30.7 

22 50.7 0 15.0 84.7 567900 30. 1 

23 50.8 0 14.0 78.7 438600C 28.5 

24 50.7 0 18.0 101.4 125770 36.8 

Table   1       Results  R  =>  0.     Effective   thickness   t   ,,  =»   3.5   mm ef f 
avrs   «   275.7   MPa 
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ORIGINAL i';v.-:. ';.; 
OF POOR QUALl'iY 

No Width Load N Comment 

[ mm] 
Min 

[kN] 
Max 

[cycles] 

25 50.8 -20.0 20.0 400 

26 50.8 -15.0 15.0 1000 

27 50.5 -10.0 10.0 32000 

28 50.9 - 9.0 9.0 359300 

29 50.7 - 9.0 9.0 92000 

30 50.7 -10.0 10.0 29900 

31 50.8 - 9.0 9.0 327900 

32 50.8 - 8.0 8.0 660400 

33 51.0 - 7.0 7.0 4175800 

34 50.8 - 7.0 7.0 4153400 

35 50.7 - 6.0 6.0 10400000 Not failed 

36 50.9 -12.0 12.0 4900 

37 50.9 -15.0 15.0 1300 

38 50.9 -10.0 10.0 80300 

39 51.0 - 7.0 7.0 3975500 

40 50.8 -15.0 15.0 700 

Table   2       Results     R  =   -1.      tßf£  =   3.5   mm 
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OF POOR QlJAi-iTi" 

OUTER RIN3 
(BONDED OVCR 
»AW 

BLADE CONSTRUCTION 
RETENTION 

Fig. 1   WTS-3 blade construction 
from Ref. [6] 
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Fig.   2       Fatigue   test   specimen 
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