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In order to facilitate the transportation of the wind turbine tower, the tower is made of several
separate parts and they are flanged to each other and fixed by the welding process. An unwanted
consequence in the welding process is the distortion caused by the uneven distribution of heat in
the flange. This consequence appears as residual stress and permanent deformations in the flange.
In this research, the distortion in the welding of the wind turbine tower flange is studied. Numerical
and experimental results show that the amount of heat flux has the greatest effect on flange
distortion. By writing a subroutine and using repetition and conditional loops, the path of the
welding nozzle is defined for the program and the amount of distortion caused by the heat
distribution is predicted with appropriate accuracy. The comparison of numerical and experimental
results shows that the difference of the displacement results depends on the cross-sectional area of
the flange and its angular position. In the outer region of the flange, this difference is close to zero
percent in all positions. In the middle areas of the cross-section in the angular position of 60
degrees, this difference is 33%, which has the lowest percentage difference compared to the
positions of zero, 30 and 90 degrees. In the inner areas of the flange at an angular position of 30
degrees, the displacement difference is 14%, which is the least difference compared to other
positions.

Extended Abstract

1. Introduction

are among the most important techniques to control distortion in welding. Qureshi [6] investigated the

D etermining the optimum dimensions of the structure, welding temperature control and welding sequence

residual stresses and distortion caused by welding in cylindrical parts. Ramos et al. [9] analyzed T-shape
welding using Sysweld software. Dahiya et al. [24] presented a mathematical modeling to predict the angular
distortion in the welding of 6063 aluminum plates. Moslemi et al. [25] investigated the effect of welding sequence
on induced residual stress and distortion in pipes. Li et al. [26] numerically and experimentally studied the effect
of initial gap size on butt welding distortion and residual stress. In this research, relying on the numerical method
and experimental test, a solution is presented to predict the distortion caused by the welding of wind turbine tower

flanges.
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2. Heat source model and material model

For variable flux with location, coding or subroutines must be used. In this research, the theoretical model that
is used to estimate the heat flux in the welding process is the Goldak or volumetric flux model (Figure 1). The
general equation for heat flux estimation given by Goldak is shown in Equation 1. The value of Q is measured
from the output power of the welding machine. Goldak's parameters are derived from similar research. In this

regard, 7 is the efficiency coefficient of the welding process, Q is the input heat to the welding pool, and f, a, b
and c are Goldak parameters [27].

3 x2 3y2 3 72
6\/§ ﬂQf* e(_) * e(_) * e(i)

xX,V,zZ) = ———— a?
q(x,y,2) P

@)

Heat flux
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Figure 1. Double ellipsoid thermal model of Goldak [28]

The material of the S355J2 wind turbine flange is from the carbon steel group. The mechanical and physical
properties of the material were extracted from reference [8] as a variable with temperature. These properties include
Poisson's ratio, modulus of elasticity, thermal conductivity coefficient, plastic stress and strain, specific heat
capacity and thermal expansion coefficient. The density of the material is also (Ton/mm?) 7800. Figure 2 shows a
view of the shell connected to the flange modeled in the software.

Figure 2. A view of the connection of the shell to the flange modeled in the software

3. Results of analysis and validation of results using tests

The heat flux distribution shown in Figure 3 has a good match with the Goldak model. Figure 4 shows the
change of heat flux in terms of time for the selected nodal points.
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Figure 3. Heat flux distribution along the nozzle movement path
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Figure 4. Change of heat flux in terms of time for selected nodal points

According to the analysis, the maximum deformation of the flange in the Z direction (extension perpendicular
to the flange plane) is equal to 3.04 mm. This deformation of the flange is shown in Figure 5. According to von
Mises equivalent stress distribution in Figure 6, the maximum stress value is 265 MPa. This maximum stress
occurred locally in the flange holes.

u,u3
+8.641e-02
-1.749e-01
~4.3628-01
-6.974e-01
-9.587e-01
=1

Figure 5. deformation in the Z direction, i.e. the extension perpendicular to the flange plane
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Figure 6. Von Mises stress distribution on the flange

Flange welding is done in one step from O to 90 degrees. Easy laser camera was used to measure horizontal,
parallel and orthogonal deviations. To measure the flatness of one surface of the flange, according to Figure 7 (a),
the laser source was set on a base in a suitable place along the surface of the flange. Then the detector was placed
on the surface of the flange according to Figure 7 (b).

(@) (b)
Figure 7. (a) Setting the source and detector, (b) placing the detector on the flange surface
After performing the initial settings of the camera and the detector, 12 to 16 data points are taken from the
flange surface. This data is processed by the camera and the flatness of the flange surface is reported. The
measurement points are specified in Figure 8.

Figure 8. Specific points and angles selected for test direction measurement
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At each angle shown, three points on the flange surface are marked A, B and C. Table 1 shows the comparison
of test results and theory analysis along with the deviation of theory compared to the test.

Table 1. Comparison of test results and theory analysis

Zero degree A B C 30 degree A B C

Node number 1585 1439 1561 Node number 69 2450 1081
Theoretical displacement value 21 11 0 Theoretical displacement value 2.2 1 0
Test displacement value 14 0.6 0 Test displacement value 1.9 0.5 0
Percentage deviation of the results 331, 457, 07. Percentage deviation of the results 147 50 0.
60 degree A B C 90 degree A B C

Node number 1422 457 1532 Node number 1412 387 1532
Theoretical displacement value 2.8 15 0 Theoretical displacement value 2.7 15. 0
Test displacement value 2.1 1 0 Test displacement value 0.5 0 0
Percentage deviation of the results 25. 33! 07. Percentage deviation of the results 81/ 1007 O

4. Conclusion

Comparison of the results of theoretical and experimental analysis in this research shows that the difference in
displacement results depends on the cross-sectional area of the flange as well as its angular position. In the outer
region of the flange, this difference is close to zero percent in all angular positions. In the middle areas of the cross-
section in the angular position of 60 degrees, this difference is 33%, which has the lowest percentage difference
compared to the positions of zero, 30 and 90 degrees. In the inner areas of the flange at an angular position of 30
degrees, the displacement difference is 14%, which is the least difference compared to other positions.
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