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Test and evaluation of a large scale composite rotor
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ABSTRACT

A structural test of the wind turbine rotor blade must be required to evaluate the uncertainty
in design assessment due to use of material, design concepts, production processes and so on, and
the possible impact on the structural integrity.

In the full-scale static strength test, the measuring parameters are strain, displacements, loads,
weight and the center of gravity. There are test equipments, measuring sensors, a test rig and
fixtures to obtain measuring parameters. In order to simulate the aerodynamics load, the three-
point loading method instead of the one-point loading method is applied. There is slightly some
difference between the measured results and the predicted results with the reference fiber volume
fraction of 60%. However, the agreement between the measured results and the predicted results
with the actual fiber volume fraction of 52.5% is good. Even though a slightly non-linearity
from 80% loading to 100% loading, a linear static solution is sufficient for the design purpose as
the amount of the non-linearity is relatively small. Comparison between measured and predicted
strain results at the maximum thickness positions of the blade profile for 0.236R(5.56m),
0.493R(11.59m) and 0.574R(13.43m), under 20%, 40%, 60%, 80% and 100% loadings for the upper
part of the blade. The predicted values are in good agreement with the measured values.
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Fig. 2 Sectional airfoil configuration
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Measure weight and C.G. of blade
T
Fix horizontally the blade on the test rig
I

- Bond strain gages with proper adhesive
- Install displacement gages

—_— S

Install loading fixtures and load cells on
three points of the blade

T
Calibration of measuring equipments
T

Apply the loads with 20% increaments
T

Aquisite data such as strains, loads and
displacements of each step loading

—
L Stop the test at 100% loading
!

- Visual inspection
- Evaluation & Documentation

1
Finish the static strength test

Fig. 3 Test procedure for the static
strength test

Table 1. Measuring sensor and test
equipments for the static strength test

Name of sensor o s
of equipment Type & specification
Strain gage CEA-00-250UW-120,

30 ea
Load cell 5000-DSCK 5tonf, 3ea
Displacement PT101-0100, Sea
transducer

Data aquisition system 4000, AI1600

system 40 channels

Fig. 4 Show loading view by the three
loading fixture
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Fig. 5 Test rig for structural test
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Fig. 6 Simulated flapwise bending moment
distribution from the load case 1.

Table 2 Load values & loading points for the
static strength test with case 1 load.

Loading points(m) | 17.1 206 21.85
Loads(KN) 2744 | 1764 9.8

li/leasunpg range Am~15m

for strain gages |
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Table 3 Measured and predicted structural
blade performance

o]

Mass of blade | Center of mass
Measured 295 ton 8451 m
Predicted 2.883 ton 8.786 m
error 2.27% 3.81%
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Fig. 7 Comparison between measured and
predicted deflections along the blade at
maximum load
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Fig. 8 Comparison between measured and
predicted strain results for the blade
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Fig. 9 Comparison between measured and
predicted deflections along the blade at
maximum load
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