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Abstract:
This thesis is part of a more general study of high cycle fatigue resistance of composite materials for
use in wind turbine blades. Wind turbine blades experience roughly 10^8 to 10^9 significant
loading-unloading fatigue cycles in their 20 to 30 year lifetime. This number of fatigue cycles would
require 100 to 1000 days for a single fatigue test using a typical test frequency of 10 Hz. (cycles per
second). Frequency limitations with conventional composite fatigue tests derive from hysteretie heating
and poor thermal conductivity. The objectives of this research were to develop a test method for
unidirectional fiberglass composites which would allow testing at a frequency of up to 100 Hz, and to
obtain tensile fatigue (R=0.1) data beyond 10^8 cycles.

Attempts were made to develop a very small specimen while maintaining the fundamental material
properties in order to improve the heat transfer. By modelling the heat transfer in a finite element
analysis, it was shown that the thin specimens used in this study should not generate significant
heating. This was confirmed by surface temperature measurements. Stress distributions in the specimen
tab area were also analyzed by finite element analysis.

Fatigue tests were run over a range of stresses and lifetimes out to 1.8 x 10^8 cycles at frequencies
ranging from 30 to 100 Hz. The S/N data trend was consistent with standard coupon data tested at low
frequency in the low to moderate cycle range. Direct comparisons of 75 and 10 Hz tests show a slightly
longer average lifetime at 10 Hz. The high cycle data indicate a less-steep S/N trend at higher cycles
than is commonly observed in low to moderate cycle data sets for fiberglass materials. 
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