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Abstract: In mechanical load measurement for large wind
turbines, the accuracy of load calibration for edgewise and
flatwise bending moments implemented by blade gravity has a
direct influence on the testing effectiveness for blade and rotor
loads. Therefore, analyzing the bending moment analytic
results of the blade gravity at the strain gauge measurement
position is the key to blade load calibration. Firstly, using the
principle of analytical geometry, an bending moment analytic
method for blade gravity is proposed based on optimized three-
dimensional coordinate system and coordinate transformation.
Secondly, in order to eliminate the influence of the main shaft
tilt angle on the optimized three-dimensional coordinate
system, a method to adjust the direction of the blade gravity
vector in the optimized coordinate system is proposed, and the
analytical expressions of blade edgewise moment and flatwise
moment are obtained taking into account various influential
factors. Finally, in the actual blade load test project, the two
calibration analysis methods are applied respectively, and the
blade load test results obtained by the two methods have good
consistency and representativity. The validity and feasibility
of the proposed analytic method for gravity load calibration of
blade bending moments are verified by theoretical analysis
and testing results.

Key words: wind turbines; mechanical load; load
calibration; analytic geometry; edgewise moment; flatwise
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The blade load calibration by blade gravity plays
an essential role in blade load testing. The resulting
edgewise moment and flatwise moment at the blade
load measurement location are expected to be
derived.

Firstly, using the principle of analytical
geometry, an bending moment analytic method for
blade gravity is proposed based on optimized three-
dimensional coordinate system and coordinate
transformation. As shown in Fig.1, the optimized
coordinate system synthesizes the negative x, axis in
IEC coordinate system and the positive yy axis and zy
axis in GL coordinate system, where point P and
represent the equivalent centre of mass of the part of
the blade from the tip to the strain gage cross-section
and the centre of the strain gage cross-section,
respectively. And points P, and (, are the
projections of P and ( onto the yOz plane,

respectively.

Fig.1 Blade gravity combined moment vector calculation

in optimized three-dimensional coordinate system

Secondly, in order to eliminate the influence of

the main shaft tilt angle 6 on the optimized three-

il_ms
dimensional coordinate system, a smart solution is
proposed, where the direction of blade gravity vector
is adjusted accordingly (from vector PP, to PP, .
in  Fig.1)

transformation.

without any additional coordinate
The analytic expressions of blade
edgewise moment and flatwise moment are obtained,
with consideration of all influential factors including
blade cone angle, main shaft tilt angle, rotor azimuth
angle, and pitch angle.

Finally, in the actual blade load test project,
the two calibration analysis methods are applied
respectively, and the blade load test results obtained
by the two methods have good consistency and
representativity. Linear regression is executed to
evaluate relationships between bending moments from
both calculation methods, with figures listed in
Tab.1.

Tab.1 Linear regression results of bending moments

from the two calibration analysis methods

Parameter Offset/
Slope R?
name (kN+m)
Edgewise 1.033 106.03 0.998 4
Flatwise 0.992 6 -11.604 0.992 6

The validity and feasibility of the proposed
analytic method for gravity load calibration of blade
bending moments are verified by theoretical analysis

and testing results.
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