
Wind Energy Science

Authors’ response to the review comments

Paper entitled: Fast response methods for aero-elastic floating wind turbine design

Manuscript number: wes-2025-259

Authors: Bogdan Pamfil, Henrik Bredmose, Taeseong Kim, Wei Yu

We would like to express our sincere appreciation to the reviewers for their thoughtful
feedback and constructive suggestions and to the editor for expertly managing the review
process. We are confident that these comments have helped us to improve the quality of
the paper significantly. In response to your feedback, we have made several revisions to the
original manuscript. In this document, we aim to address all points raised by the reviewers.
All changes made to the paper are indicated in blue font, while the replies to the reviewers’
comments are shown in olive font. An additional LaTex diff document has been attached
to our response, highlighting all the changes made to the paper.

Reviewer 1’s comments:
The article builds on earlier work on fast frequency-domain methods for analysis of floating
wind turbines dynamics and adds details to the rotor blade aerodynamics by new methods to
overcome the challenges with time-variant azimuthal dependencies in the system matrices.
In my opinion, this is a significant step forward to supplement time-consuming time-domain
methods with fast methods giving enough detail to support optimization studies during
early-stage design.
The main scientific significance lies in the application of established and well documented
mathematical methods to address fundamental challenges of rotor aerodynamics. So far, the
focus of fast frequency-domain engineering methods for floating wind turbines have focused
on the floater, and lumped the rotor loads to overall thrust and torque vectors. This article
opens the path for comprehensive and fast floating wind turbine models with details of both
rotor and floater.
The scientific quality is excellent and convincing. The derivations are detailed enough for
other teams to reproduce and further build on the work. The step-by-step comparisons of
the different models, converging towards identical results as more details are included, is a
good indication of the quality of the work.
I enjoyed reading the article also due to the good presentation quality. Despite the large
scope of the article, it is relatively easy to get an overview of the work and the main
outcomes.
I think the article will have a large impact on future development of fast engineering models
for floating wind turbines and should inspire other teams to include some of these ideas into
their modeling efforts.
In my opinion, this article is ready for publication after adding a section on future work,
and addressing some minor questions, clarifications and edits.
We sincerely thank Reviewer 1 for the thoughtful review and positive evaluation of our
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manuscript. We have revised the text in accordance with their suggestions, which we believe
have strengthened the paper.

1. As far as I can tell, hydrodynamic damping is not taken into account in this model. I
understand that the focus here is on fast methods and rotor aerodynamics, but I nev-
ertheless suggest some comments on how to incorporate more details of the floater in
this modeling framework. Due to the simple structure of the structural damping ma-
trix described in line 140, the pitch damping given by Cs(1,1) can be scaled separately
to take hydrodynamic damping into account. For large-volume floaters, results from
Linear- Potential-Theory (LPT) models such as WAMIT provide frequency-domain
results for excitation, damping and added mass that can be incorporated as more
floater degree-of-freedoms (DOFs) are added. Comments like this belongs perhaps
under “future work”.
We understand the intention behind this comment regarding the absence of radiation
hydrodynamic damping in the present floating wind turbine model and the potential
avenues for extending the floater representation. For this reason, we now provide fur-
ther clarification on how future model extensions could incorporate a frequency-based
radiation damping, and added mass. We also clarify how hydrodynamic damping is
appropriately scaled within the present framework.
Within the paper’s revised manuscript, Lines 193–212 elaborate on this point in the
corrections document (diff tex) and Lines 183-202 in the updated manuscript:

The logarithmic decrement �k quantifies damping for each degree of freedom (DOF)
and is valid for small damping ratios, as assumed here. In floating wind turbines, the
platform pitch DOF (�5) represents the dominant hydrodynamic damping, modeled
via torsional structural damping. For the TetraSpar concept, a 3% damping ratio
corresponds to ��5 = 0:20 and a damping factor of ��5 = 0:30, capturing combined
structural and hydrodynamic effects through an equivalent stiffness-proportional term
(Borg et al., 2024). Although Linear Potential Theory tools (e.g., WAMIT) can model
frequency-dependent hydrodynamic effects, these are neglected in favor of a simplified
lumped damping approach. For blade DOFs, a much smaller damping ratio (0.5%) is
used (�al

= 0:03, damping factor �al
= 0:0024), indicating that blade damping (Bak

et al., 2013) is negligible compared to platform hydrodynamic damping.

Within the paper’s Conclusions Section, Lines 951–957 address the same topic related
to future work in the corrections document (diff tex) and Lines 922-929 in the updated
manuscript:

In the Conclusions Section we add that these potential improvements in floater hydro-
dynamics include incorporating frequency-dependent radiation damping (drag terms),
added-mass effects, and a more detailed representation of hydrostatic stiffness. We
emphasize afterwards that these effects can be captured using Linear Potential Theory
(LPT) solvers such as WAMIT, which provide frequency-domain descriptions of exci-
tation, damping, and added mass. Then, it is mentioned that the current floating wind

2



turbine model can readily accommodate additional floater degrees of freedom, partic-
ularly for large-volume designs. Future work may also include the effect of reactive
forces from mooring lines to further enhance model accuracy.

2. Line 170 (L170): The way I read this section, Cl is evaluated only at 0.7R. I agree
that for a well designed rotor, operating at optimum tip-speed ratio, this gives a good
idea about the angle-of-attack and Cl for a large part of the outer part of the blade,
and thereby the total thrust and torque. Please include (if I did not overlook it) a
description on how the overall rotor loads are computed from the aerodynamics eval-
uation at 0.7R.
We acknowledge that it is worth briefly clarifying why the aerodynamic terms in the
lift force expression, including the lift coefficient CL, are evaluated at 0:7R. In short,
we consider it important to explain how come this radial position is regarded as rep-
resentative for modeling the rotor loads, as it captures the characteristic inflow and
aerodynamic conditions over a substantial portion of the outer blade where most of
the thrust and torque are generated.
Lines 254–261 clarify this point in the corrections document (diff tex) and Lines 242-
248 in the updated manuscript:

Aerodynamic lift forces are indeed evaluated at the representative blade section located
at r = 0:7Lb. This approach is justified because the mid-to-outer blade region (�
0:6Lb–0:85Lb) contributes most significantly to both torque and thrust. Conditions
at this blade location are considered representative of overall blade behavior, and
it was chosen without performing detailed spanwise load calculations. Instead of
integrating loads along the full span, rotor loads are approximated by scaling the
sectional loads at this point. This simplification captures the dominant aerodynamic
dynamics while keeping the model computationally efficient. More details can be
found in the corresponding Section 2.3 of the corrected paper.

3. L420: “. . . .and FB,L(ti) is assumed to be constant during that time interval.” Is that
an ad-hoc decision or are there numerical arguments for this choice? Some staggered
methods for time stepping use the forcing at the midpoint of the step to achieve
second-order accuracy in time. Has this been considered, is it relevant here?
We think that it is important to add that the staggered approach would in practice
increase the accuracy, but since the time step is sufficiently small, this is not the main
contributor to the differences between the linear model (LM) and time-domain model
(TDM) results.
Lines 534–541 discuss this point in the corrections document (diff tex) and Lines 514-
520 in the updated manuscript:

Although midpoint evaluation of the forcing vector, FB;L(ti�1 + dt
2 ), is commonly

used in staggered time-stepping schemes to achieve second-order accuracy in the time
response q(t), its benefit is expected to be limited in the present context. Given
the sufficiently small time step dt, the main discrepancies between the linear and
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time-domain models arise from modeling and linearization assumptions rather than
time integration errors. Moreover, a midpoint evaluation would require additional
model evaluations at intermediate time instants, increasing computational cost since
the forcing vector is already computed at each discrete time step ti�1. For these
reasons, a first-order treatment of the forcing vector is adopted for simplicity and
computational efficiency.

4. L477: “ .. a turbulence intensity (TI) of 5.77%.” Would higher, but still realistic (say
up to 15%) TI challenge modeling assumptions such as the linearizations?
We agree that addressing this detail about TI is important for understanding the
accuracy of the fast-response method. It highlights the role of the zeroth-harmonic
forcing, and we note that higher TI levels are not expected to challenge the underlying
modeling assumptions, such as linearizations.
We examine this matter within Lines 604–609 address in the corrections document
(diff tex) and Lines 582-587 in the updated manuscript:

Higher turbulence intensity values, reaching up to 10% or 15%, would still satisfy the
underlying modeling assumptions. This is supported by the results for load cases C
and E, which include stochastic wind inflow effects and are presented in Sections 6.3
and 6.5, respectively. These results indicate that the influence of turbulence inten-
sity on the system response is adequately captured even by a zeroth-order harmonic
approximation, as increasing turbulence intensity further reinforces the dominance of
the zeroth-order harmonic contribution in the response.

5. Conclusions: I miss a section on future work. Is it of interest to increase the level of
detail, or will the linearizations nevertheless be the main source of error? What would
be the next steps? Some examples, are they straight forward?
We concur that adding a section on future work in the Conclusions, incorporating the
aforementioned details, enhances the clarity and overall comprehension of the paper.
Accordingly, we have added a paragraph in the Conclusions Section that addresses
the points that were raised.
Please see Lines 943-962 for details in the corrections document (diff tex) and Lines
915–933 in the updated manuscript:

The floating wind turbine model achieves its main objectives and provides a computa-
tionally efficient and flexible framework for analyzing floating wind turbine dynamics,
though it relies on simplified aero-hydro representations suitable for preliminary stud-
ies. Future improvements could include higher-fidelity blade and tower dynamics,
finer blade discretization to better capture spanwise turbulence variations, and in-
corporation of more detailed floater hydrodynamics using frequency-dependent effects
via Linear Potential Theory (LPT) tools. Additional extensions such as rotor control,
varying rotational speed, and mooring-line reactions could further enhance model ac-
curacy while remaining consistent with the fast-response methodology. Given that the
present results demonstrate the feasibility of the novel fast response methods, a key
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direction for future work is the application of these methods within full aero-elastic
models for floating wind turbines.

1) Evaluate aerodynamics at several radial stations.
We endorse this observation that evaluating the aerodynamics (such as the lift coef-
ficient) at multiple blade sections would evidently improve the load characterization
across the entire rotor. Thus, it is worth stating that this approach would provide a
more representative description of the rotor loads.
Refer to Lines 945 and 948–949 for details in the corrections document (diff tex) and
Lines 917 and 920-921 in the updated manuscript:

Increasing the number of blade sections used in the rotor load evaluation would en-
hance the spatial resolution of the aerodynamic load distribution along the blade.
This allows for a more accurate representation of spanwise variations in the incom-
ing turbulent wind field, leading to a more refined prediction of the aerodynamic loads.

2) More blade modes
It is also worth mentioning that including additional blade modes is beneficial for the
accuracy of the floating wind turbine model, as it allows for a more realistic represen-
tation of blade deflection.
We address this concern within Lines 945–948 in the corrections document (diff tex)
and Lines 917-920 in the updated manuscript:

To enhance the accuracy of the floating wind turbine model, the blade modal repre-
sentation could be extended to include edgewise, torsional, and higher-order modes, as
well as tower modes, which are currently neglected due to the rigid-tower assumption.

3) Turbulence with variation across the rotor plane
We consider it also important to state that accounting for turbulence variations across
the rotor plane for different blade sections would substantially improve the accuracy
of the floating wind turbine model.
For additional explanations you may refer to Lines 948–950 in the corrections docu-
ment (diff tex) and Lines 920-921 in the updated manuscript:

It is evident that increasing the number of blade sections in the rotor load evaluation
would improve the resolution of the aerodynamic load distribution by better captur-
ing spanwise variations in the incoming turbulence field, such as those generated by
a Mann box. This would allow a more realistic representation of how turbulence in-
tensity and coherence vary along the blade span, leading to improved modeling of the
resulting aerodynamic excitation.

4) More detailed hydrodynamics (LPT) of the floater, such as in QuLAF, and lin-
earized floater drag terms.
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We find it worthwhile to explain how and why more detailed hydrodynamics of the
floater, as well as linearized floater drag terms, can improve the accuracy of the hy-
drodynamic loading.
Therefore, for a detailed analysis of this matter, please consult Lines 951–955 in the
corrections document (diff tex) and Lines 922-926 in the updated manuscript:

Potential improvements in floater hydrodynamics include the addition of frequency-
dependent radiation damping (drag terms), added-mass effects, and a more refined
representation of hydrostatic stiffness. Such frequency-dependent contributions can
be modeled using Linear Potential Theory (LPT) solvers such as WAMIT, which pro-
vide frequency-domain estimates of excitation forces, damping, and added mass. The
current floating wind turbine formulation can readily incorporate additional floater
degrees of freedom (DOFs), which is particularly relevant for large-volume floater de-
signs. As noted earlier in the paper, these considerations are discussed here in the
future work subsection of the Conclusions Section but also in Section 2.2: Floater
pitch moment excitation. In addition, we emphasize here that accounting for reactive
mooring-line forces acting on the floater is expected to further improve model fidelity.

6. Appendix A.
A1: Cl(alpha)?
We see how this notation may not have been clear, and this issue has now been re-
solved by adding an explanation.
That being said, we explain this matter in Lines 984-986 in the corrections document
(diff tex) and Lines 954–956 in the revised manuscript:

In summary, �l is the inflow angle and CL;l(�) is the lift coefficient as a function of the
angle of attack. These aerodynamic properties are evaluated for the airfoil at r = d.

We clarify the formulation of the integrated normal force Fl;aero acting on the l-th
blade, which is expressed as Fl;aero = Ll cos�l =

1
2�cCL;l(�)V

2
rel;l cos�l Lb. We indi-

cate now more clearly at what blade section the inflow angle is evaluated and state
that CL;l(�) is the lift coefficient as a function of the airfoil angle of attack.

It is shown in appendix A how the fully nonlinear force (A1)(which can be used
directly in a time-domain model) is linearized and split into steady, forcing terms,
damping terms and neglected higher order terms. But it is not totally clear to me
what is used in the time-domain model. I suggest stating this explicitly here, even if
it is mentioned earlier.
We comprehend that it may not be entirely clear how the wind speed components
shown in Fig. A1 are computed differently in the time-domain model (TDM) and
the linear model (LM). Therefore, we now remind the reader that, for the TDM, the
aerodynamic parameters are computed nonlinearly, whereas the LM relies instead on
gradients or partial derivatives of these quantities.
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We have reported this revision in Lines 996–1001 and 1010-1019 in the corrections
document (diff tex) and Lines 965-970 and 979-987 in the updated manuscript:

In Eq. (A1), for linearization purposes, Fl = Ll cos�l represents the aerodynamic
load contribution governing the floating wind turbine dynamics. For the develop-
ment of the LM, the dynamic lift coefficient CL;l(�), the squared relative wind speed
V 2

rel;l = V 2
n̂;l + V 2

t̂;l
, and the inflow angle term cos�l are linearized about the operating

point. In contrast, the TDM retains these quantities in their fully nonlinear, time-
varying form, thereby preserving nonlinear effects in the computation of V 2

rel;l and
the overall aerodynamic forcing. Unlike the LM, the TDM is assembled without the
linearization with respect to the time derived structural DOFs vector ẋ, the dynamic
stall separation-function DOFs fs;l, or the inflow velocity fluctuation ∆V0;l.

L790 “. . . . assuming additionally the same inflow angle �l for the entire blade..”
The inflow angle usually vary significantly over the blade span, therefore structural
twist optimization is important. The angle-of-attack varies to a lesser degree for a
well-designed blade operating at optimum tip-speed ratio. Please clarify. This is pos-
sibly connected to the comment on using one radial position to evaluate the forces for
the complete rotor.
We concur that further clarification would be beneficial to explain why the angle of
attack exhibits only a small variation for a well-designed blade operating at its opti-
mal tip-speed ratio. This point relates to the evaluation of aerodynamic loads at a
reference radial position to represent the full rotor loads, and we have also provided a
justification for this choice earlier in the revised manuscript.
We have addressed this in Lines 988–994 in the corrections document (diff tex) and
Lines 957-963 in the updated manuscript:

The aerodynamic properties are evaluated at the representative airfoil section r = d =
0:7Lb, corresponding to 70% of the blade length. Although the inflow angle varies
significantly along the blade span, it is evaluated at that particular radial reference
position r = d and used to represent the aerodynamic forcing over the entire blade.
This introduces an approximation in the rotor load estimation, since both the inflow
angle and the angle of attack are assumed uniform along the span. It assumes uniform
inflow conditions and angle of attack along the span, which can affect rotor load accu-
racy. Moreover, we have also now provided an earlier explanation in the manuscript
justifying the evaluation of the forces over the complete rotor. However, this modeling
choice is justified by the objective of developing a reduced-order floating wind turbine
model with fewer DOFs and by the dominant contribution of aerodynamic loads in
the mid-to-outer blade region which is the selected blade region.

7. Minor edits for consideration:
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1) L15: It is stated that the rotor loads are pre-computed. I think it would be clari-
fying to already here mention that aerodynamic damping due to the relative motion
between structure and air is taken care of in the damping matrix. Distinguish between
pre-computed aerodynamic excitation and aerodynamic damping computed during the
simulation.
To avoid any ambiguity on this matter, we must add indeed that aerodynamic damping
arises from the relative air motion between the airflow and the floating wind turbine
blades. On the other hand, we should have also specified that aerodynamic excitations
are in fact pre-computed and accounted for within the system’s forcing.
This issue is addressed in Lines 38–45 in the corrections document (diff tex) and Lines
38-44 in the updated manuscript:

We now mention in the revised manuscript that aerodynamic damping originates in the
floating wind turbine from the relative motion between the structure and the airflow
and contributes directly to the system damping matrix. We also note that aerody-
namic excitations induced by inflow velocity fluctuations, which form part of the sys-
tem forcing, are pre-computed and applied separately. We specify that aerodynamic
rotor loads are typically pre-computed assuming a fixed nacelle and parameterized
aerodynamic damping. Within this decomposition, rotor loads arise from turbulent
inflow variations, whereas aerodynamic damping originates from the relative motion
between the structure and the airflow. In full aeroelastic models, these effects are in-
herently captured, allowing the extraction of linearized forcing and damping through
linearization. However, due to the azimuthal dependence of blade positions, the result-
ing system matrix becomes time-varying, preventing a straightforward transformation
to the frequency domain and solution via FFT.

2) L18: I assume the damping is an outcome of the simulation, but this can also
be read as the damping is pre-computed.
We are thankful for this comment and intended to specify that the hydrodynamic
damping is pre-computed, as it arises from radiation effects.
This matter is now rectified in Lines 19–20 in the corrections document (diff tex) and
Lines 19-20 in the updated manuscript:

We now state that “an example of a frequency-domain solver that leverages pre-
computed rotor loads and pre-computed radiation hydrodynamic damping is the QuLAF
(Quick Load Analysis of Floating Wind Turbines) model”. It is thus more clear what
exactly is pre-computed for the QuLAF model.

3) L66: The term “validated” has usually been used for comparison of model and
experimental results or full-scale data. But lately I have seen it used also for compar-
ison of models. Since this work is focused on mathematical methods, “validated” may
be OK, but nevertheless consider if “verified” is more appropriate.
We acknowledge that “model validation” is not the appropriate term in the context of
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this paper, and we have therefore replaced it with “model verification,” as suggested.
Thank you for this notification. The paper has been updated accordingly by taking
into account your advice to change the model’s validation to its verification instead.
This issue has been corrected notably in Lines 72 and 82 in the correction document
(diff tex) and Lines 70 and 79 in the updated manuscript.

4) L84/85. Example of clarification: “In this paper, we expand the floating wind
turbine model with wind loads for the blade elements of mass m(r), wave loads ap-
plied to the floater base, and gravity loads for the blade elements and hub and nacelle
of cumulative mass M.”
We also agree with your rephrasing of this sentence, as it provides a clearer description
of the floating wind turbine model parameters.
Hence, we rectify this issue in Lines 122–124 in the corrections document (diff tex)
and Lines 118-120 in the updated manuscript:

The sentence has been modified in the following way: “In this paper, we extend the
floating wind turbine model to include wind loads acting on blade elements of mass
m(r), wave loads applied at the floater base, and gravitational loads exerted on the
blade elements as well as on the hub and nacelle of cumulative mass M”.

5) L94: “. . . that describes the rotational stiffness (component of the water plane
stiffness matrix)”
We agree that this modification sheds light on the hydrostatic stiffness component of
the stiffness matrix. Therefore, we are in favor of your added revision.
This modification can be seen in Lines 131–133 in the corrections document (diff tex)
and Lines 127-129 in the updated manuscript:

The sentence has been modified as such: “The floater pitching moment coefficient K�5

describes the component of the water plane stiffness matrix due to hydrostatic effects.”

L109: The term “rotating coordinate system” is often used for coordinate systems
rotating with the rotor. Would “pitching coordinate system” be better?
We support this change in wording to explicitly refer to the pitching coordinate sys-
tem.
This revision is addressed everywhere including in Line 152 in the corrections docu-
ment (diff tex) and Line 147 in the updated manuscript.

In other words, we agree with this better choice of terminology for the moving coordi-
nate system, as it follows the pitching motion of the floater and, consequently, of the
floating wind turbine.

6) L133: Although al has been defined earlier, it would be good to also here to state
that a1, a2 and a3 are the blade deflection amplitudes for blade 1, 2 and 3.
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This remark is useful to remind the reader about the degrees of freedom, and this has
been revised accordingly.
We resolve this matter in Lines 183–184 in the corrections document (diff tex) and
Lines 174-175 in the updated manuscript:

We point out now that “In this EOM, the vector of structural DOFs is defined as
x = [�5; a1; a2; a3]

T , where �5 denotes the floater pitch angle and a1, a2, and a3 repre-
sent the blade deflection amplitudes of blades 1, 2, and 3, respectively”.

7) L136: “The structural mass and damping matrices, as defined in Eqs. (11) and
(13) of (Pamfil et al., 2025). . . ”
We also think that it is necessary to reference the previous publication where the
equations are also detailed.
Therefore, we attend to this issue in Lines 185–190 in the corrections document (diff
tex) and Lines 176-180 in the updated manuscript:

The two Equations (now Eqs. (5) and (6)) have been added. The sentence has been
updated accordingly while also including the reference to the previous stability anal-
ysis paper.

8) L157: “The hydrodynamic force is (pre-?) calculated with no spar motion con-
sideration. Hydrodynamic damping is therefore not considered here, but can to some
degree be taken into account by scaling the component (1,1) in the structural damping
matrix Cs.”
We agree with this statement, and this point has been updated accordingly.
Explanations are provided in Lines 232–236 in the corrections document (diff tex) and
Lines 222-226 in the updated manuscript:

That text has been edited in the following manner: “The hydrodynamic force, Fhydro,
is pre-calculated with no spar motion consideration. In this case, there is only a
wave velocity and acceleration, u0 = uwave and u̇0 = u̇wave, that are perceived by the
spar-buoy. Due to the assumption of no spar motion, hydrodynamic damping is not
explicitly modeled through the Morison force formulation. Instead, its effect is im-
plicitly accounted for through scaling of the pitch–pitch component (1,1), namely the
hydrodynamic damping term ��5K�5 , in the damping matrix CS , as discussed earlier.”

9) L223-227: The EOM of the TDM is combined with the original dynamic stall
first-order ODE, and the LM’s EOM is combined with the fully linearized dynamic
stall model, right?
We understand that there may be some ambiguity on this point, and it has been
clarified in the revised manuscript. Indeed, as you mentioned, the TDM equations of
motion are coupled with the first-order dynamic stall ODE, whereas the LM equations
of motion are instead coupled with the linearized dynamic stall model.
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This issue is addressed in Lines 321-323 in the corrections document (diff tex) and
Lines 305-308 in the updated manuscript:

We clarify that by adding the following sentence: “In other words, first we couple the
EOM of the TDM with the original dynamic stall first-order ODE, and then we couple
separately the LM EOM with the fully linearized dynamic stall model.”

10) L344: Check eq. 21: qn(t), q0(t)?
We believe that qn(t) and q0(t) are correctly described in the equation, which implies
that the formulation is valid.

These terms in Equation (now Eq. (27)) are consistent with those in the previous
Equation (now Eq. (26)).

11) L363:” As we supported with a more. . . .“ This sentence is heavy, consider rewrit-
ing
This observation is helpful, and this has been revised accordingly.
The corrections can be seen in Lines 472–475 in the corrections document (diff tex)
and Lines 453-455 in the updated manuscript:

We correct this lengthy sentence by splitting it in two. We first explain that “for
some load cases, the zeroth order response, q̃0, is insufficient to account for the total
response q when the latter is highly periodic”. Then it is stated that “this observation
has also been noted in the results generated using a more simplified floating wind
turbine model; see Fig. 19 of the prior investigation (Pamfil et al., 2024)”.

12) L 761: “The numerical methods that we elaborated are based on several as-
sumptions and possess few limitations”. Few limitations or a few limitations?
We believe that the numerical methods have relatively few limitations, and it is there-
fore worthwhile to clarify the intended meaning of this statement.
This issue is addressed in Line 933 in the corrections document (diff tex) and Line 905
in the updated manuscript. It was meant that there are few, not a few limitations,
because the limitations are limited in quantity.

13) Check the nomenclature list for completeness. I did not check systematically
but saw that Ns is missing.
This issue has been fixed.
There are now several added terms in the nomenclature. It has been noticed that they
were missing after rereading the paper multiple times.

Reviewer 2’s comments:
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This work presents various approaches to incorporate aero-elastic effects in low fidelity mod-
els of floating wind turbines. Three methods are presented that account for the azimuthal
variation of the system dynamics. The work builds on a previous publication and provides
a step forward towards improving fast low fidelity models of floating wind turbines.

The methods and results are presented clearly, although, I personally prefer the paper to
be more self-contained. So, if possible, I would recommend trying to include the formulae
used in this work instead of referring to equation numbers in a previous publication (not
derivations, of course, just the final expressions).

Further detailed comments are provided in the attached PDF. In addition, I have one re-
maining question: could the authors offer guidance on when the use of the proposed models
is especially imporant compared to frequency-domain approaches that neglect aero-elastic
effects? Since this distinction forms part of the motivation for the study, elaborating on this
point would strengthen the practical relevance of this work.

We would also like to thank Reviewer 2 for their time and for the evaluation of our
manuscript. In response to their comments, we have revised the text accordingly and believe
these modifications have strengthened the overall quality of the paper.

We admit that several equations referenced in our previous publication were missing, which
may have hindered the readability, and these have now been added to improve the compre-
hension of the manuscript.
Therefore, as suggested, the few formulae related to the EOM matrices and dynamic stall
equations, previously referenced in our stability analysis publication, are now explicitly in-
cluded in the paper to improve substantially clarity.

We also support the claim that it would be interesting to provide more details on when the
use of the proposed fast response methods is especially important compared to frequency-
domain approaches that neglect aero-elastic effects.
That being being said, we elaborate now with regards to the frequency-domain approaches
from prior works that neglect aero-elastic effects. Moreover, we clarify this matter in Lines
63–72 and 910-914 in the corrections document (diff tex) and Lines 61-69 and 882-886 in
the updated manuscript.

In the Introduction Section, we specify that the developed fast-response methods are par-
ticularly relevant for linearized models in which the Coleman transformation does not yield
time-invariant system matrices and where accurate rotor load resolution is required. The
transformation removes only the 1P periodicity associated with rotor rotation and does
not eliminate higher-order harmonic contributions (Pamfil, 2025). This limitation appears,
for example, in two-bladed turbines, where a constant mass matrix is not obtained, and
in three-bladed turbines operating under strong shear, where significant higher-harmonic
content remains in the system. We also clarify that consequently, residual time periodicity
persists even in the transformed system, and the proposed fast-response methods enable
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efficient evaluation of rotor loads under such conditions. For time-response analysis, a
Coleman-transformed non-rotating frame is therefore not advantageous.
Afterwards, in the Conclusions Section we clarify again that conventional frequency-domain
approaches are limited in accuracy, as they cannot directly capture nonlinear effects or the
strong periodic rotor-load variations induced by blade rotation and higher-order harmonics.
Then we add once more that the present model introduces a more detailed formulation
by explicitly accounting for blade-specific rotor loads in both the frequency and Laplace
domains, rather than reducing them to hub-level thrust and torque. Finally it is remarked
that compared to previous frequency-domain studies that typically use state-space repre-
sentations without resolving azimuthal loading effects, the proposed formulation includes
these contributions explicitly. This is essential not only for accurately capturing aero-elastic
interactions in floating wind turbines, but also for the informed design of the floater, rotor,
and control system.

1. Seems a bit redundant. May be ”linearized models” is enough?
We agree with this observation and acknowledge that slight revision here is warranted
to reduce redundancy and, more importantly, to improve clarity.
This matter is dealt with in Lines 15-17 in the corrections document (diff tex) and
Line 15-16 in the updated manuscript:

The sentence is now corrected as such: ”During the concept development and opti-
mization phase of floating wind turbine design, methods based on linearized models
are useful to quickly calculate aerodynamic and hydrodynamic responses from pre-
computed rotor loads.”

2. Can you elaborate a little on the effect of these assumptions on the applicability of the
presented methods to realistic conditions? And, if possible, comment on how they can
be relaxed (possibly in a future work?). I think this is relevant given that you state
that one of the suggested applications for the presented methods is controller design
as stated in the Conclusions section.
We share this view and support the idea that it would be pertinent to present the
main modeling assumptions of this study within the Introduction section.
Hence, we discuss this matter further in details in Lines 84–95 in the corrections doc-
ument (diff tex) and Lines 81-92 in the updated manuscript:

Some modeling assumptions relate to hydrodynamic loading on the floater, dynamic
stall, and the level of blade discretization and modal representation used in the ro-
tor load calculations. The simplified four-DOF model is chosen to enable efficient
validation while retaining the dominant coupled aero-hydro-elastic effects. These as-
sumptions introduce limitations compared to a full-scale floating wind turbine repre-
sentation. In particular, neglecting tower flexibility removes low-frequency structural
modes that may interact with platform motion, while assuming constant rotor speed
and omitting pitch control disregards important control-induced coupling and load
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mitigation effects. While tower flexibility can readily be incorporated into the float-
ing wind turbine model without difficulty by following the same approach as in the
QuLAF model, the inclusion of varying rotor speed and control constitutes a natural
extension of both the stability method of Pamfil et al. (2025) and the present fast-
response methodology. However, the retained dynamics capture the key nonlinearities
required to demonstrate the proposed fast-response methods. We emphasize that the
model is therefore intended as a proof of concept rather than a fully predictive tool.
Future work will extend the framework to include variable rotor speed, pitch control,
and higher-fidelity structural and aero-hydro-servo dynamics to enable realistic con-
troller design applications. Building on the demonstrated feasibility of the novel fast
response methods, an important direction for future work is to apply them within full
aero-elastic models for floating wind turbines.

3. Why didn’t you consider surge?
We also believe it is important to explain why floater surge was not included in the
floating wind turbine model. Accordingly, the text has been updated to include ex-
planations supporting this modeling choice.
A comprehensive review of this matter is given in Lines 106–115 of the corrections
document (diff tex) and Lines 103–112 of the updated manuscript:

Floater surge motion is not included in order to reduce model complexity and to
focus on the dominant coupled pitch–blade dynamics relevant to the proposed fast-
response methods. The model therefore provides a minimal representation of the
coupled floater–blade response. Including surge would introduce additional coupling
effects and wake–platform interactions, requiring a dynamic wake model with time-
varying induction in both the normal and tangential directions of the rotor plane,
which is beyond the scope of the present work. However, among the floater DOFs,
pitch remains the most dynamically significant for floating wind turbines, as it typically
exhibits higher-frequency dynamics and is more prone to control-induced instabilities
under above-rated wind speed conditions (Larsen and Hanson, 2007). Finally, the
present formulation is intended as a basis that could be extended in future work to
include coupled surge motion and dynamic inflow effects.

4. Just to be precise, maybe state that this is under small angle approximation. Also,
shouldn’t the right hand side of these to equations be y and x (not y’ and x’)?
Actually, we intended to explain that the floater pitch small-angle approximation is
not relevant here, as the expressions remain valid for large angles as well.
This matter is discussed in Lines 154-155 in the corrections document (diff tex) and
Lines 149-150 in the updated manuscript:

The two relations between the pitching coordinates x̂0 and ŷ0 remain valid irrespective
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of the amplitude of the floater pitch angle �5. See the following expressions for details:

x̂0 = cos(�5) x̂+ sin(�5) ŷ; ŷ0 = � sin(�5) x̂+ cos(�5) ŷ:

This allows us to deduce the corresponding time derivatives:

˙̂x0 = �̇5 ŷ
0; ˙̂y0 = ��̇5 x̂

0:

5. Again, shouldn’t this be z not z’? (which is also consistent with your previous publi-
cation)
We agree with this correction, and this has been rectified.
This issue is addressed in Line 158 in the corrections document (diff tex) and Lines
153 in the updated manuscript:

Thank you for pointing this out so that it can be revised.

6. What loads were considered in this simulation (first order, second order, viscous drag
... etc.).
We see the added value of clarifying how the hydrodynamic loads were computed, and
this has therefore been amended in the revised version of the manuscript.
For a detailed analysis of this matter, please refer to Lines 220–225 in the corrections
document (diff tex) and Lines 210-215 in the updated manuscript:

The simulations consider the implementation of the Morison equation to model hy-
drodynamic forces acting on a slender body, capturing the dominant wave-frequency
loads. The Morison formulation represents first-order effects through an inertia term
(including added mass) and a nonlinear viscous drag term proportional to the square
of the relative velocity. It does not account for second-order diffraction effects aris-
ing from wave–structure interaction and wave scattering. These missing contributions
include mean-drift forces (steady low-frequency offsets), slow-drift forces (difference-
frequency excitations), and sum-frequency forces (higher-frequency responses). These
limitations arise from the fact that Morison’s equation relies on local undisturbed wave
kinematics and is therefore primarily valid for slender structures where diffraction ef-
fects are negligible.

7. Can you please clarify what the symbol del(.) in the denominator means?
As you suggested, we explain now what is intended when using that symbol.
This issue is addressed in Lines 300-301 (Eq. (13) now) in the corrections document
and Line 287-288 (same Eq. (13) now) in the updated manuscript:
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We now indicate that in Eq. (13), the numerator is partially derived with respect
to a variable of interest (e.g. a time-derived degree of freedom) appearing in the
denominator, as indicated by the � symbol.

8. Shouldn’t F, be a scalar quantity, not be bold here , for consistency? (also the same
in Eq. 15)
We agree with this observation and both equations have been fixed accordingly.
This issue is revised in Lines 338–340 in the corrections document (diff tex) and Lines
323-325 in the updated manuscript:

The corrections have been made in both current Eqs. (20) and (21).

9. Doesn’t this depend on whether the linearized matrix (and excitation) are being used
or not?
As you pointed out, performing a fast-response calculation in the frequency domain
or Laplace s-domain depends on the use of the linearized system matrices (and corre-
sponding excitation), since this approach is only applicable to linear systems.
This matter is clarified in Lines 349–352 in the corrections document (diff tex) and
Lines 332-336 in the updated manuscript:

We explain now more clearly that to develop a fast-response calculation in the fre-
quency domain or in the Laplace s-domain, the state-space formulation in Eq. (17)
must be written for the linear system. That entails that system is described using
the LM system matrix AL and the corresponding linearized forcing vector FB;L. The
system matrix AL is periodic and can be represented as a sum of constant harmonic
matrices through a double-sided Fourier series, which allows the system to be refor-
mulated as an LTI representation.

10. It is a little confusing to overload bold letters by using them to indicate vectors and
Fourier transforms. I understand that it is implied by the dependence on omega, how-
ever, I think it would be clearer if you used a different symbol for a Fourier transform
of a variable.
We recognize that our previous notation may have caused a minor confusion, and it
has therefore been modified as proposed.
This issue is resolved in Lines 369 in the corrections document (diff tex) and Line 353
in the updated manuscript:

Now we adopt instead the following new notation to denote the Fast Fourier Trans-
form (FFT) of a given variable: FB;L(!) = FFT fFB;L(t)W (t)g. The same notation
is used for the inverse Fast Fourier Transform (iFFT).

16



11. Can you check the use of the term ”hyper-matrix”? Correct me if I am wrong, but
my understanding is that it refers to an array with higher than two dimensions, which
doesn’t seem to apply here (same goes for the term ”hyper-vector” in the following
page).
We understand the need you raised to justify and clarify why we refer to the matrix
Â as a hyper-matrix and to the corresponding vector as a hyper-vector.
This issue is addressed in Lines 413–417 in the corrections document (diff tex) and
Lines 395-399 in the updated manuscript:

Â is referred to as a hyper-matrix because it represents an infinite-dimensional block
matrix that couples multiple harmonic components of the state vector. Each entry is
itself a matrix acting on the states, resulting in a higher-order structure that can be
interpreted as a tensor (or matrix of matrices) indexed by both harmonic components
and states. More generally, a hyper-matrix can be viewed as an extension of a con-
ventional matrix to a multidimensional array.

12. Does this mean that it is better to use the LM if the transient responses are of interest?
We believe this point is worth clarifying, as it helps explain why the LM is particularly
advantageous for longer transient-response computations, whereas the efficiency of the
Laplace method is comparatively lower for shorter simulations.
This point is discussed in Lines 564–566 in the corrections document (diff tex) and
Lines 541-543 in the updated manuscript:

For transient response analyses involving longer simulations, the LM approach may
be more efficient than the single-perturbation Laplace transform method. This under-
lines the importance of systematic benchmarking, since both computational cost and
accuracy need to be evaluated when selecting an appropriate method. That is why we
benchmark CPU time and accuracy in the following sections.

13. I think this needs to be rephrased. It seems to imply that you are using 11.4 m/s in
the simulations.
We think as well that it it is important to clarify that 11.4 m/s refers to the rated
wind speed rather than the wind speed used in the simulations. We have corrected
the sentence to remove this ambiguity.
This issue is rectified in Lines 571–574 in the corrections document (diff tex) and Lines
548-550 in the updated manuscript:

In other words, we clarify now that we select an arbitrary operating point below the
rated wind speed, being Vr = 11:4m s�1, as defined for the DTU 10 MW reference
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wind turbine (Bak et al., 2013). Thus, the rated velocity is represented now as Vr
instead of V0, since it is not equivalent to the operational wind speed V0.

14. Can you elaborate a little here? I am not sure I understand why the fast response
models are not capturing these effects.
As raised by the reviewer, we recognize the importance of justifying why the fast-
response methods do not capture these higher-order coupling effects.
This aspect is thoroughly discussed in Lines 636–641 in the corrections document (diff
tex) and Lines 613-617 in the updated manuscript:

The PSD responses of all methods for load case B show dominant peaks at frequencies
associated with both Ω and ΩM , including ΩM + Ω. However, only the TDM addi-
tionally captures the higher harmonics at 2Ω and 3Ω. This indicates that the TDM
system matrix AT (t) includes higher-order coupling effects that become apparent at
elevated harmonic frequencies, most notably in the fs;1 channel.

15. How long was the simulation time? And how many realizations were used?
We see the value in providing further explanations on the simulation details you raised,
and we have accordingly expanded the explanation.
This issue is addressed notably in Lines 647–650 and 675-677 in the corrections doc-
ument (diff tex), as well as Lines 623-626 and 650-652 in the updated manuscript:

Load case C, like all stochastic load cases (C–E), is based on a single seed realization
(with TI = 5.77%) used for the presentation of the time series, frequency response,
and logarithmic exceedance probability plots. However, for the Standard Deviation
Relative Error analysis discussed in Section 6.7, additional simulations with different
turbulence intensities were performed (Fig. C1). Further, we now report that the
simulation duration is identical for all load cases (A–E), with Tsim = 3071:2 s.
We also note that, similarly for load case D, the results presented in Fig. 7 are based
on a single realization in which the floater pitch moment is stochastic. Furthermore,
again for the Standard Deviation Relative Error analysis discussed in Section 6.7,
multiple simulations were performed for load case D using different stochastic seeds
for the hydrodynamic moment (Fig. C2).

16. I think it’d be better to expand the time window to show at least one cycle of the
lowest frequency.
We admit that expanding the time window would be an improvement in this case.
Therefore, this issue is taken care of in Fig. 5.

17. I think a better phrasing is ”the absolute value of the relative difference ...”. ”absolute
relative” sounds a bit strange to me :).
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We acknowledge that this phrasing can be revised as suggested.
This matter is resolved in Lines 659–662 in the corrections document (diff tex) and
Lines 635-637 in the updated manuscript:

The sentence has been updated correctly as such: “In this paper, for exceedance
probability plots, the absolute value of the relative difference is evaluated at positive
peaks corresponding to the same exceedance probability with respect to a reference
quantity, typically the LM value.”

18. I am curious as to why the zero-order method is only showing large deviations in load
cases A and C (the cases with constant wind). Can you comment on this?
As you have pointed out, we also recognize the importance of clarifying this point
regarding load cases A and D.
A detailed discussion of this matter is provided in Section 6.6 in Lines 716–723 in the
corrections document (diff tex) and Lines 690-697 in the updated manuscript:

The zeroth-order method exhibits large deviations in load cases A and D (i.e. con-
stant wind conditions). Turbulent inflow—particularly at higher turbulence inten-
sity—strengthens the dominance of the zeroth-order response through its contribution
to the state-space forcing vector FB;L(t). In contrast, under constant wind conditions,
the zeroth-order response is less pronounced since FB;L(t) is in that case not affected
by inflow velocity fluctuations ∆V0;l for blade index l. As a result, the blade response
and dynamic stall DOFs are primarily excited through floater pitch motion, which
becomes the main source of aerodynamic forcing. In the present model, this coupling
is driven by the mass matrix, which is assumed constant at zeroth order, thereby lim-
iting the representation of periodic effects.

19. I am not sure what you mean by ”high periodicity”. Can you please explain this term?
We also believe that an explanation of the meaning of periodicity in this context would
be helpful, and the necessary adjustments have been made to expand on this point.
This issue is treated in Lines 713–715 in the corrections document (diff tex) and Lines
687-689 in the updated manuscript:

A highly periodic load is characterized by a frequency spectrum dominated by integer
harmonics of Ω (P harmonics), leading to pronounced spectral peaks at these harmonic
frequencies. Also, the system matrix periodicity refers to its time dependency due to
different integer harmonics of Ω.

20. Why not include the zero-order as well? It seems to be performing well in some load
cases
We agree that the zeroth harmonic performs well in certain load cases; however, the
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purpose of this table is to present results at the highest achievable accuracy rather
than focusing on the majority of load cases.
We further clarify this point in Lines 732–734 in the corrections document (diff tex)
and Lines 706-708 in the updated manuscript:

To reduce the size of Table 2, only the higher-order results are presented, as these
correspond to the highest accuracy for each perturbation-based method. Although
the zeroth-order results appear to perform well for the stochastic load cases C (Figs. 5
and 6) and E (Figs. 9 and 10), they are not included here.

21. The error in load case E of the zeroth harmonic method seems a bit to large when
looking at the time series in Figure 9. Please check these values.
We observe that the error associated with the zeroth-order response approximation
appears somewhat larger compared to higher-order results; however, it is not large
in absolute terms, as the zeroth-order responses are observed to deviate only slightly
from the more accurate higher-order solutions. Further, the results for load case E
have been checked and they seem to be correct.
For a detailed review of this matter, please consult Lines 759–763 in the corrections
document (diff tex) and Lines 732-736 in the updated manuscript:

For load case E, the difference in SDRE values (Fig. 11) between the zeroth-order and
higher-order methods is somewhat larger than expected based on the time series, PSD,
and logarithmic exceedance probability results (Figs. 9 and 10). However, one must
take into account that the SDRE values from Fig. 11 for the zeroth-order channels
actually remain below 6%. We now explain that this discrepancy can be attributed
to small deviations of the zeroth-order response in the blade channels a1 and fs;1, as
observed especially in the time series and PSD plots in Fig. 9.

22. This section is only relevant for time domain simulations not if the methods (the ones
based on Fourier transform) are implemented in a frequency-domain model. Is this
correct? and if so, I think it’s worth mentioning.
We partially agree that this section is relevant for time-domain simulations; how-
ever, computational efficiency is enhanced for frequency-domain models. Therefore,
it remains important whether the methods are Fourier-based or not, and we have im-
plemented corrections to clarify this point and provide additional details.
A detailed explanation of this matter is provided in Lines 829–833 in the corrections
document (diff tex) and Lines 802-806 in the updated manuscript:

We now clarify that Section 7 considers the computational cost of time-domain sim-
ulations using either the TDM or LM, as well as alternative formulations in the fre-
quency domain (Fourier-based) and the Laplace domain (s-domain). It is explained
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afterwards that the proposed fast-response methods are primarily intended for time-
domain simulations, where fatigue assessment via rainflow counting and exceedance
probability analysis can be performed. Finally, we put put emphasis on the fact that
the frequency-domain formulation is introduced solely as a means to improve numer-
ical efficiency.
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