


6.5 Galloping Analysis on a Real Catenary System

Figure 6.18: Plot of real(s) for α = 59◦. Combination 1.

Figure 6.16-6.18 are for combination 1 and 2. Figure 6.19 how different the plots can
be for combination 3. The angle of attack equal to 59◦ is stable until V = 46 m/s with
combination 3.

Figure 6.19: Plot of real(s) for α = 59◦. Combination 3.

Mode Shapes

A critical velocity and its angle of attack gives many eigenvalues and mode shapes. The
interesting mode shape out of these is the one for minimal, positive damping, i.e. the mode
shape for the eigenvalue where real(s) has the lowest, positive damping.

Note that the mode shapes are highly distorted since the FE-model is 1260 meters long,
and mode shapes are plotted for this length. The FE-model has 19 bracket-nodes within
the span, so 20 sections in total over 1260 meters. So, a drawn mode shape looks like it
has a lot of half waves, but in reality there’s not many half waves per section.
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Chapter 6. Results and Discussion

One assumption is that the mode shapes for galloping velocities will show cross-wind
movement. Galloping is often called cross-wind galloping (Dowell (2014)). For example
at very large angles of attack the mode shape is assumed to be mostly lateral since the flow
is almost vertical, see figure 6.20 for illustration. This might be correct in some cases,
but in reality there are many factors that affect the direction of movement in the catenary
system, not just the direction of the flow. The direction of flow affects the movement when
considering the grooves. The contact wire isn’t circular so the grooves may change the di-
rection at different α. The flow direction doesn’t change the fact that the catenary system
consists of many restrictions. The Abaqus model is for a contact wire of length 1260 m,
where several support poles are present as boundary conditions. The boundary conditions
limit the movement. So, the mode shapes may not follow the assumption on cross-wind
movement. But a large angle of attack may give a larger lateral contribution than a small
angle of attack.

Figure 6.20: Assumed movement at α = −75◦.

Table 6.4 shows the nature of the mode shapes for all critical angles of attack and their
critical velocities. The α’s in table 6.3 that are still unstable at 30 m/s have two mode
shapes, one for V < 30 m/s and one for V = 30 m/s. Although there’s reason to believe
that the measurement at 20 m/s is unreliable one can’t rule out that some of the critical
velocities for certain angles of attack are close to 20 m/s. Some might be low since the
catenary system has relatively low mechanical damping (Kaczinski (1998)). Many of the
mode shapes were found in the FE-model. The mode shapes in table 6.3 have a critical
frequency which was compared to the frequency of the still-air modes. Shape was also
evaluated in the comparison. The details of the comparison can be seen in appendix B.

There is no obvious pattern when it comes to mode shape direction and angles of attack.
Both large and small angles of attack give vertical mode shapes. But the smallest angles of

56



6.5 Galloping Analysis on a Real Catenary System

attack, 15-17◦ have mode shapes with mostly vertical components, which coincides with
the cross-wind mode shape assumption. And the mode shapes denoted ”Vertical and lat-
eral” are represented by mostly larger angles of attack(except for α = 20◦ for combination
1 & 2), which can also be roughly cross-wind movement.

Table 6.4: Mode shapes for different critical velocities and angles of attack

Combination 1 & 2 Combination 3
Mode shape VCR αCR [◦] VCR αCR [◦]

Vertical 20 -74, -72, -69, -68, 20 -73, -72, -69, -68,
-67, -64, -63, -60, -67, -65, -64, -60,
-57, 55, 58, 59 -57, -50, -49, -43, 20

24 17 30 -62, -61
25 15
26 23
27 20
28 21, 22
30 15, 16, 17, 19,

20, 21, 22, 56, 59
Vertical, 20 -62, 16, 25, 57 20 -70, 16

small lateral 30 -72, -65 22 -62
30 -64, -65

Lateral 30 -70 20 -61, -59, -58, -56, -55,
-54, -51, -48, -46, 48

22 -52
24 40
25 38
27 43
28 44, 45
29 42
30 -70, -59, -58, -55,

-54, 38, 39, 40,
42, 43, 44, 45, 48

46 -34
Vertical 20 -71, 56 20 39

and lateral 21 -70 26 46
22 -65 30 -69, -68, -67, -60,
30 -71, -69, -68, -67, -56, -52, -51, 46

-64, 21, 57, 58 46 59

The following figures show some of the mode shapes encountered. Figure 6.21 shows a
vertical mode shape that appears three times for combination 1 & 2 with α equal to 15,
19 and -68◦. It appears nine times for combination 3 with α ranging from -43 to -73◦ as
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well as α = 20◦. The mode shape is identical to still-air mode shape 1 in the Abaqus model.

Most of the mode shapes denoted ”Lateral” are like the one shown in figure 6.22. The
mode in figure 6.22 appears a total of 29 times for combination 3, raising the question of
whether it’s an actual problem or a numerical error. It could be a numerical error since
many of the angles of attack associated with the mode are not critical in the Glauert-Den
Hartog stability criterion (fig. 6.12). The modes in figure 6.22 are equal to still-air mode
61 and 62. Combination 3 includes still-air mode 61 which is not present in combination
1 & 2, this might cause a numerical error. If the mode shape represents an instability, it’s
only present in one section between two support poles. It’s the second section from the
end for both modes. The FE model has 20 sections. The support poles are not included,
but there’s 19 nodes representing the contact point between the messenger wire and the
brackets.

Figure 6.21: Vertical mode shape. Appears three times for combination 1 & 2, nine times for
combination 3. The mode shape is the same as still-air mode 1 in the FE-model.
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6.5 Galloping Analysis on a Real Catenary System

(a) Mode shape equal to still-air FE-mode 61. (b) Mode shape equal to still-air FE-mode 62.

Figure 6.22: Mode shape that appears a lot for combination 3 (29 times), and once for combination
1 & 2.

One mode shape appears with different orientation for different angles of attack in com-
bination 1 & 2. The angles of attack have approximately the same value and opposite
sign. They’re also associated with approximately the same wind velocities. These plots
show that the sign of α alone can have an influence on the mode shape orientation. Figure
6.23a has a larger lateral contribution than figure 6.23b, so higher α gives a larger lateral
contribution in these cases.

(a) V = 22 m/s, α= -65◦. (b) V = 20 m/s, α= 56◦.

Figure 6.23: Same mode shape, different orientation at different α. For combination 1 & 2.

Combination 3 introduces a new lateral mode shown in figure 6.24. The shape fits
still-air mode 48 which is dominant for the messenger wire. The displacement is smaller
for the contact wire. The messenger wire, droppers and stitch wire is not included in the
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mode shapes shown in figure 6.21-6.24.

Figure 6.24: Mode shape, V = 20 m/s, α = -54, 48◦. Combination 3. The mode shape is the same
as still-air mode 48 in the FE-model.

The mode shapes denoted ”Vertical and lateral” in table6.3 were difficult to find in the
still-air FE-model. Some were a fit in one direction only, others could possibly be a com-
bination of two. Some were not found at all. It can be a challenge to compare modes when
the polynomial eigenvalue modes are plotted for the contact wire while the FE-model
includes the messenger wire, stitch wire and droppers. The aerodynamic stiffness and
damping are not expected to change the still-air solution significantly. The off-diagonal
terms contribute to changes, and these might be more significant for the α-V-combinations
encountered here. A computer will probably be better at recognizing similarities. One ex-
ample is shown in figure 6.25, where the vertical contribution is similar to still-air mode
37.
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6.5 Galloping Analysis on a Real Catenary System

(a) 3D-plot

(b) Vertical contribution

(c) Lateral contribution

Figure 6.25: Oblique mode shape. V = 20 m/s, α = 39◦. V = 30 m/s, α = -60◦.

The oblique mode shape shown in figure 6.26 appears four times for combination 3. A
very similar shape is seen three times in combination 1 & 2.
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(a) 3D-plot

(b) Vertical contribution

(c) Lateral contribution

Figure 6.26: Oblique mode shape. V = 30 m/s, α = -52, -51, 46◦. V = 26 m/s, α = 46◦.

6.5.2 Approach 2: Iterations with Criteria

The results presented for the second approach was obtained using the still-air modes de-
scribed in combination 1. A certain number of still-air modes must be included to obtain
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6.5 Galloping Analysis on a Real Catenary System

results at all, for example including mode 1 to 10 doesn’t yield any results. Including
mode 1 to 20 yields results. Combination 1 includes a large span of modes without be-
ing to many. Including all 297 still-air modes would be very computationally expensive.
The same analysis was performed at all angles of attack. The analysis checks for positive
real(s). The critical value is found if real(s) is positive and less than CriteriaRe, and dV <
CriteriadV. If not, a velocity iteration is carried out. The iteration is different depending
on if real(s) is positive or not.

Table 6.5 shows the results from an analysis with CriteriaRe = 0.01 and CriteriadV =
0.05. The analysis is performed with different wind velocity starting values. One can see
that different start values, V0, give different results. Some critical velocities aren’t picked
up when start value is low even though the iterations go through all integer V with dV = 1
(e.g. VCR = 49.03125 m/s at α = 56◦). One reason for changing start values is that the
measurements for the static coefficients at V = 20 m/s are not as trustworthy because mea-
surements were taken during vortex shedding. The measurements at 6 m/s, corresponding
to 30 m/s in real life, are more trustworthy. And the analysis is performed with V0 = 31
m/s to exclude critical values below 30. V0 = 30 m/s gave critical values of e.g. 29.03125
m/s. Still, as mentioned before, one can’t with certainty exclude the lower critical values.

Table 6.6 shows the results from an analysis with CriteriaRe = 0.01 and no criteria for
the velocity step. The analysis is performed with different wind velocity starting values.
Also here it’s evident that different start values, V0, give different results. Some new an-
gles of attack are introduced compared to table 6.5. E.g. α = -74, -57 and 25◦. Some of
the critical velocities are larger than in table 6.5, some critical velocities are lower. So the
criterion for the velocity step is important for the determination of the critical velocity.

Table 6.5: Galloping analysis with CriteriaRe = 0.01 and CriteriadV = 0.05.

VCR [m/s]
α [◦] V0 = 20 V0 = 25 V0 = 31 V0 = 40 V0 = 50
-70 20.28125
-68 20.03125
-65 21.21875
-64 31.03125
-48 47 47 47 47
15 25.09375 25.09375
17 23.65625 24.03125
19 28.3125 28.3125 30.03125
20 26.71875 26.71875 39.03125
21 27.28125 27.28125
22 27.3125 27.3125 49.03125
23 25.6875 25.6875 49.03125
56 49.03125
59 24.03125 30.03125
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Table 6.6: Galloping analysis with CriteriaRe = 0.01, no CriteriadV

VCR [m/s]
α V0 = 20 V0 = 25 V0 = 30 V0 = 40 V0 = 50

-74 20
-70 20.5
-68 20.5
-65 21.5
-64 30
-57 20
-48 47 47 47 47
15 26 26
17 24 24.5
19 29 29 30
20 27 27 40
21 28 28
22 28 28 50
23 26 26 50
25 25
56 20
59 20 25 30 50

Table 6.7 shows galloping analysis with different criteria for the real part of the eigenvalue,
i.e. the criteria for damping. One can see that increasing the criteria for the damping in-
cludes more unstable angles and velocities. The goal of the analysis is to determine critical
characteristics, and the onset of galloping happens when the damping goes from a nega-
tive to a positive value, i.e. when the damping is equal to zero. So a strict CriteriaRe with
value as close to zero as possible is desirable. It’s also important to not be too strict with
the criterion, in order to discover possible instabilities. So checking for different criteria
is important because it might introduce new critical angles and velocities not found other-
wise. One can see from table 6.7 that most angles introduced with increasing CriteriaRe
are already discovered. The exceptions are the instabilities at α = −72◦ and α = 16◦.
The instabilites at angles of attack α = 15◦, 17◦, 20◦− 23◦ and α = 56◦ are discovered at
lower critical velocities. But the critical velocities larger than 30 m/s might be important
because the WT-data is more trustworthy at V > 30 m/s, as mentioned above.
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Table 6.7: Galloping analysis with CriteriadV = 0.05 and different CriteriaRe, V0 = 31 m/s.

CriteriaRe = 0.01 CriteriaRe = 0.05 CriteriaRe = 0.1
α VCR α VCR α VCR

-64 30.03125 -64 30.03125 -72 30.03125
-48 47 -48 47 -64 30.03125
19 30.03125 15 30.03125 -48 47
59 30.03125 19 30.03125 15 30.03125

20 30.03125 16 30.03125
21 30.03125 17 30.03125
22 30.03125 19 30.03125
23 30.03125 20 30.03125
59 30.03125 21 30.03125

22 30.03125
23 30.03125
56 30.03125
59 30.03125

Challenges with plotting mode shapes

One of the challenges with plotting mode shapes is choosing what still-air modes to include
in the calculation. The transformation from the polynomial eigenvalue solution to the
final mode shape plot is done with a coordinate transformation applying the still-air mode
shapes. So, the final result should be strongly influenced by the choice. Two alternatives
are discussed:

• Alternative 1: Still air mode 1, 2, 4, 7, 10, 11, 16, 17, 23, 24, 30, 31, 32, 40, 45, 47,
51, 53, 55, 58, 59, 60, 62, 65 and 70

• Alternative 2: All 297 still-air modes

The galloping analysis to find critical values was done including random still-air modes
depicted in alternative 1. There are 297 still-air modes in total, and using all of them is
alternative 2. The galloping analysis did not include all of them because the calculations
would take a long time. But plotting the mode shapes takes less time which means that
more modes can be included. The challenge with this is that including different number of
still-air modes yields different mode shapes. One example is for VCR = 20.2813 m/s at
α = −70◦ shown in figure 6.27. When using the same modes as in the calculation (a few
random still-air modes) the mode shape is dominant in the vertical direction (fig.6.27a).
This contradicts the assumption that a high angle of attack gives a larger lateral contri-
bution. But when the mode shape is plotted including all 297 still-air modes, the mode
shape is more oblique with lateral and vertical contributions (fig.6.27b). The opposite is
observed for VCR = 30.03125 m/s at α = −72◦ (fig.6.29).

The vertical and lateral contributions of the mode shape including all still-air modes is
shown in figure 6.28. The difference in plotted mode shapes might be because the ran-
domly selected still-air modes don’t include the matching lateral modes to represent the
lateral contribution completely.
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Table 6.8 shows the mode shapes associated with the lowest critical velocities determined,
i.e. the onset galloping mode shapes. Some angles of attack are linked to two different
critical velocities; one velocity below 30 m/s and one velocity greater than 30 m/s. The
reason for this is, as mentioned before, is the trustworthiness of the wind tunnel results.

Depending on usage of alternative 1 or 2 one can see that the negative α’s are associ-
ated with mode shapes with both lateral and vertical contributions. The α’s ”closer” to
zero and with greater positive values are associated to vertical mode shapes, with smaller
lateral contributions. The grooves contribute to the flow around the cross-section. A neg-
ative and a positive angle of attack present very different surfaces to the wind flow. A
large negative angle of attack puts the top of the contact wire cross-section, and therefore
also the grooves, in the middle of the surface facing the flow (fig.4.7a). A large negative
angle of attack ”hides” the top and grooves from the oncoming flow (fig.4.7f). Also, as
mentioned before, the support poles and the other catenary wires suppress movement in
certain directions.
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Table 6.8: Mode shapes at the lowest critical velocities, calculated using alternative 1 or 2.

Mode shape description
α VCR Alt.1 Alt.2

-74 20 Vertical Vertical
-72 30.03125 Both vertical and lateral Mostly vertical
-70 20.28125 Vertical Both vertical and lateral
-68 20.03125 Vertical Both vertical and lateral
-65 21.21875 Identical

30 Vertical Vertical, small lateral-64 31.03125 Vertical Mostly vertical
-57 20 Vertical Vertical
-48 47 Both vertical and lateral Both vertical and lateral

25.09375 Identical15 30.03125 Identical
16 30.03125 Vertical Vertical

23.65625 Identical17 30.03125 Vertical Mostly vertical
28.3125 Identical19 30 Vertical, small lateral Vertical, small lateral

26.71875 Identical20 30.03125 Vertical Mostly vertical
27.28125 Identical21 30.03125 Vertical, small lateral Vertical, small lateral
27.3125 Identical22 30.03125 Vertical, small lateral Vertical
25.6875 Identical23 30.03125 Vertical Vertical, small lateral

25 25 Vertical, small lateral Mostly vertical
20 Vertical Vertical, small lateral56 30.03125 Vertical Vertical
20 Vertical, very small lateral Vertical, small lateral59 30 Vertical, small lateral Vertical, small lateral

No new angles of attack are introduced compared to approach 1. But some angles of attack
exhibit larger critical velocities. E.g. at α = -64◦ the lowest critical velocity found is 30
m/s. All angles of attack, except for α = -48◦, satisfy the Glauert-Den Hartog stability
criterion. Approach 2 leads to a decrease in many of the critical velocities from approach
1, since velocity iterations with smaller time steps are used.

67



Chapter 6. Results and Discussion

(a) Alternative 1.

(b) Alternative 2.

Figure 6.27: Onset galloping mode shape at VCR = 20.2813 m/s and α = −70◦.
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(a) Vertical mode shape

(b) Lateral mode shape

Figure 6.28: Onset galloping mode shape at VCR = 20.2813 m/s and α = −70◦ ans using
alternative 2.
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(a) Alternative 1.

(b) Alternative 2.

Figure 6.29: Onset galloping lateral mode shape at VCR = 30.03125 m/s and α = −72◦.
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Chapter 7
Conclusion

This report carried out a wind tunnel test on an upscaled contact wire. Angles of attack
ranged from -75 to 75◦. Three wind velocities were tested; 4, 6 and 10 m/s. The re-
sults were plotted in the form of static aerodynamic coefficients versus angle of attack
and Reynolds number. The results were also presented in the form of the Glauert-Den
Hartog stability criterion for galloping. The Strouhal number was determined. The static
coefficients were used to investigate galloping instabilities on a FE-model of a real life
Norwegian railway stretch.

The static coefficients were dependent on Reynolds number and angle of attack. The
drag coefficient decreased with increasing velocity. This was also evident in the plot ver-
sus Reynolds number, for α = 0. Minimum drag was for a flow angle of attack equal to
approximately 50◦. Maximum drag was for angles of attack between α’s between -65 and
-50◦. The magnitude of the lift coefficient generally increased with increasing velocity.
This is also seen in the plot versus Reynolds number. The sign of the flow angle and the
sign for the lift coefficient were mostly the same. The moment coefficient increased with
increasing velocity for negative angles of attack and decreased for increasing velocity at
positive angles of attack. The plot against Reynolds number showed a decrease in the lift
coefficient for increasing velocity.

The Glauert-Den Hartog stability criterion gives possible instabilities for all wind tun-
nel velocities. The criterion experiences the largest amount of negative values for wind
tunnel velocity V = 4 m/s, a bit less for 6 m/s and the least amount of negative values for
V = 10 m/s. The possibly unstable angles of attack range from about -74 to -57◦, at some
angles close to zero (only for V = 4 m/s), at some angles from 16 to 26◦, and lastly for
some angles from 55 to 64◦.

The Strouhal number was determined from a time series with wind velocities from zero to
10 m/s. The mean Strouhal number from three calculations was 0.194. This value is close
to that of a cylinder.
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The galloping analysis was performed at all angles of attack from -75 to 75◦. It provided
many critical velocities at multiple angles of attack. The first approach plotted the real part
of the eigenvalue at velocities from 20 to 50 m/s, to determine when the damping becomes
positive. Many of the instabilities had critical velocities at 20 m/s. Some in between 20
and 30 m/s. Only one instability had a critical velocity above 30 m/s. Mode shapes were
made for all critical velocities, and also for V = 30 m/s for some angles of attack, because
of vortex shedding during wind tunnel testing. Most mode shapes were vertical at both
low and high angles of attack. Some mode shapes showed vertical and lateral contribu-
tions at higher angles of attack. The aim of the second approach was to determine critical
values for onset of galloping. No new critical angles of attack were introduced compared
to approach 1. Many critical velocities were reduced as a result of a smaller velocity step.

Both the critical angle of attack and the critical velocity must occur at the same time for
galloping to happen. So, although many critical values are found, galloping may still not
occur. It may also not occur even if the critical values are present. Some angles of attack
might not be probable to pair with some velocities. Galloping instabilities on catenary
systems have not been recorded in Norway. The Glauert-Den Hartog criterion must also
be satisfied for galloping to occur, and this excludes some of the critical values found in
approach 1 combination 3.

One of the main limitations of the project is the vortex shedding at wind tunnel veloc-
ity 4 m/s. The measurements create many uncertainties in the galloping analysis. Another
is that some of the galloping analyses performed include the messenger wire, droppers and
stitch wire which are assigned the same static coefficients as the contact wire. This is of
course not correct coefficients for these cross-sections.

Recommendations for further work:

• Short term:

– Perform the second approach of the galloping analysis with even more still-air
modes, and/or other combinations of modes.

– Plot some of the mode shapes for sections instead of for the whole model. To
avoid distorted mode shapes and to better understand the physical shape.

– Investigate what realistic angles of attack are.

• Medium term:

– When determining the Strouhal number, run the wind tunnel from 0 to 10 m/s
with longer intervals of constant velocity. E.g. increase velocity a little bit, run
at constant velocity for a while, increase velocity again, run that velocity for a
while, and so on.

• Long term:

– Find a model scaling that can be tested at WT-velocities corresponding to real-
life velocities below 30 m/s without vortex shedding.
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– Make alterations to the model to simulate effects like wear or ice build up. It’s
necessary to make a larger cross-section to simulate wear on the bottom of the
contact wire. The distance from the aluminum pipe to the surface is to small
on the current model.
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Appendix A
Acronyms

CW Contact wire

DFT Discrete Fourier transform

FFT Fast Fourier transform

MW Messenger wire

ST Stitch wire

WT Wind tunnel
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Appendix B
Mode Shape Details

Table B.1 shows the mode shape details for the first approach of the galloping analysis.
The results are for combination 1 & 2.

Table B.1: Mode shapes from galloping approach 1, and matching with still-air modes from the
FE-model. Combination 1 and 2.

α [◦] VCR [m/s] fCR [Hz] FE mode fFE [Hz]
-74 20 0.8765 8 0.87679
-72 20 2.1807 103 2.1806

30 3.4177 192 3.4117
-71 30 1.4993 y: 51, z: 63 y1.4372 , z1.4865

20 4.8289 y: 270 4.8291
-70 21 0.9649 y: 11, z: 14 y0.96465 , z0.99896

30 1.4864 61/62 1.4833/1.4837
-69 20 1.1126 41 1.1129

30 1.4499 difficult, 53 1.4359
-68 20 0.7629 1 0.76272

30 1.0103 difficult, z: 29 1.0388
-67 30 1.4474 difficult, 52/53 1.4431/1.4508

20 3.1782 179/180 3.1712/3.1779
-65 22 1.028 difficult, y: 19, z: 25 y1.0311, z1.0371

30 3.8806 210 3.8947
-64 30 1.0302 19 1.0311

20 1.6601 70 1.6601
-63 20 3.2282 182 3.2277
-62 20 4.6232 262 4.6234
-60 20 1.7096 71 1.7096
-57 20 0.9992 14 0.99896
15 25 0.7628 1 0.76272

30 2.2481 106 2.248
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16 30 3.1777 179/180 3.1712/3.1779
20 4.1079 242 4.1081

17 24 0.8372 6 0.83714
30 2.6477 129 2.6478

19 28 0.7628 1 0.76272
30 1.114 42 1.1139

20 27 0.8143 5 0.81419
30 1.8571 74 1.857

21 28 0.8769 8 0.87679
30 1.4637 55 1.4636

21 30 2.2062 105 2.2061
28 0.8769 8 0.87679

22 30 1.5303 67 1.5302
23 26 0.8143 5 0.81419
25 20 1.4912 64 1.4909
55 20 1.5684 68 1.5684
56 20 1.032 y: 19 y1.0311,

30 2.7205 133 2.7201
57 30 1.4968 difficult, z: 63 z1.4865

20 4.0481 236 4.0482
58 30 1.5022 difficult, z: 63 z1.4865

20 2.0791 101 2.0792
59 20 0.877 8 0.87679

30 0.877 8 0.87679

Table B.2 shows the mode shape details for the first approach of the galloping analysis.
The results are for combination 3.

Table B.2: Mode shapes from galloping approach 1, and matching with still-air modes from the
FE-model. Combination 3.

α [◦] VCR [m/s] fCR [Hz] FE mode fFE [Hz]
-73 20 0.7628 1 0.76272
-72 20 2.1807 103 2.1806
-70 20 1.0343 19 1.0311

30 1.4864 61/62, 65/66
1.4833/1.4837,
1.5080/1.5100

-69 20 1.1126 41 1.1129
30 1.4499 difficult, 53 1.4359

-68 20 0.7629 1 0.76272
30 1.0103 difficult, z: 29 1.0388

-67 30 1.4474 difficult, 52/53 1.4431/1.4508
20 3.1782 179/180 3.1712/3.1779

-65 20 0.7625 1 0.76272
30 3.8806 210 3.8947

-64 30 1.0302 19 1.0311
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20 1.6601 70 1.6601
-62 30 0.7627 1 0.76272

22 3.9903 233 3.9903
-61 30 0.7627 1 0.76272

20 1.4837 61/62 1.4833/1.4837
-60 30 1.0587 difficult, y: 37 1.0577

20 1.7096 71 1.7096
-59 20 1.4841 61/62 1.4833/1.4837

30 1.4865 61/62 1.4833/1.4837
-58 20 1.4838 61/62 1.4833/1.4837

30 1.4945 61/62 1.4833/1.4837
-57 20 0.9992 14 0.99896
-56 30 1.0508 difficult, y: 37 1.0577

20 1.486 61/62 1.4833/1.4837
-55 20 1.4837 61/62 1.4833/1.4837

30 1.4923 61/62 1.4833/1.4837
-54 20 1.4209 48 1.4253

30 1.4962 61/62 1.4833/1.4837
-52 30 1.4745 difficult, z: 63 1.4865

22 1.4815 61/62 1.4833/1.4837
-51 30 1.4799 difficult, z: 63 1.4865

20 1.4849 61/62 1.4833/1.4837
-50 20 0.7621 1 0.76272
-49 20 0.7621 1 0.76272
-48 20 1.484 61/62 1.4833/1.4837
-46 20 1.484 61/62 1.4833/1.4837
-43 20 0.7626 1 0.76272
-34 46 1.4824 61/62 1.4833/1.4837
16 20 4.1079 242 4.1081
20 20 0.7626 1 0.76272
38 30 1.4836 61/62 1.4833/1.4837

25 1.4838 61/62 1.4833/1.4837
39 20 1.0533 difficult, z: 32 , y: 37 z1.0395, y1.0577

30 1.4799 61/62 1.4833/1.4837
40 24 1.4824 61/62 1.4833/1.4837

30 1.4824 61/62 1.4833/1.4837
42 30 1.4818 61/62 1.4833/1.4837

29 1.4825 61/62 1.4833/1.4837
43 30 1.4811 61/62 1.4833/1.4837

27 1.4825 61/62 1.4833/1.4837
44 30 1.4789 61/62 1.4833/1.4837

28 1.4811 61/62 1.4833/1.4837
45 28 1.4818 61/62 1.4833/1.4837

30 1.4831 61/62 1.4833/1.4837
46 26 1.4759 difficult, 63 1.4865
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30 1.4807 difficult, 63 1.4865
48 20 1.4206 48 1.4253

30 1.4791 61/62 1.4833/1.4837
59 46 1.5186 difficult, z: 60, y: 55 y1.4636, z1.4832
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