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Abstract. The efficiency and durability of wind energy systems largely depend on design
solutions and the reliability of their connections. One of the key elements is the contact interaction
between the hub and the blade. This study examines the application of the perturbation method [1,
2] to investigate the mechanical interaction between a composite material hub and a wind turbine
blade. The results may be useful for improving reliability and optimizing the design of wind energy
systems.
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Anomauin. Po3zensinymo mooenvhy 3a0avy KOHMAKMHOL 83A€MOOii dcopcmroeo xaby ma
aonami 8impomypOiHU, 5AKA BUCOMOGNIEHA 3 KOMHO3UYILHO20 Mamepiany 3 YULIHOPUUHOIO
aunizomponiero. Lle o3nauae, Wo MexXawiyHi 81ACMUBOCMI MAMEPIALY 3MIHIOIOMbCA 3AIEHCHO B8i0
Kyma ma paoiaibHo20 NOJIOHCEHHs, WO XAPAKMepHO 05 wapyeamux abo HamMoOmMaHnux KOMNo3umie.
Bonm esasxcaemuvcsa abcontomuo dxcopcmkum. /o Hb020 NPUKIAOEHO 306HIUHE 3YCUNLIA , WO MOXHCE
BKIIOYAMU OCbOBY CUTY, 32UHATILHULL MOMEHM aO0 KoMOIHayio Haganmadcensb. Xab eucomosnenuil 3
KOMNO3UMHO20 Mamepiany, MeXAaHiuyHi 61ACUBOCHI K020 3MIHIOIMbCSA 8 3ANeHCHOCMI 8i0
padianvhoi KoopouHamu ma Kyma (Yurinopuuna auvizomponis). Konmaxm midxc xabom i 6bormom
acopcmruti. Konmaxmuuii muck 6Oyde HeOOHOPIOHUM uepe3 aHizomponiro mamepiany. 3adaya
po3g’azana acumnmomuyHum memoodom Manesuua-Ilagnenko. Ompumano acumMnmomuyHull
PO38 30K ) HYIbOBOMY HabaudxcenHi. Paniwe 6 pobomax 6yno nokazano, wo came yeil po3e 30K
015l I30MPONHUX Mamepianié cnienaoac 3 gidomum mouynum. Ompumani pe3yribmamu MONCYMb
Oymu suxopucmaui 01s onmumizayii KOHCMpPYKyii 3'€OHanus xaby i n1onami ma nNpocHO3YE8AHHSA
0oeeosiynocmi mamepiany. Qoepicani HA OCHOBI 3aANPONOHOBAHO2O NIOX00Y 3HAYEHHS OJis
KOHMAKMHUX HANPYHCEHb PA3OM 3 0COOIUBUM PO38 SA3KOM O0Al0mb PIGHOMIPHO NpUOAMHUL 8 YCill
obnacmi KOHMAKmy HAOIUNCEHULl PO38°A30K 3a0aui Ol eeKmMUBHO20 OO0CHIONCEHHS KapMUuHu
KOHMAKMHOI 83A€EMO0II 3A3HAUEHUX eeMeHMI8 KOHCMPYKYIL CYyYACHO20 8IMPIKA.

Knrwouoei cnosa. Xab, simpsk, acumnmomuyHuii Mmemoo, aHi30Mponis, OpmomponHull,
naacmuHa

Introduction.

The solution of the contact problem for an orthotropic plate with cylindrical
anisotropy and a stringer under their rigid contact, obtained by the author using the
analytical asymptotic Manevich-Pavlenko method, can be applied in various practical

problems of civil engineering, shipbuilding, and others. In this article, we will
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examine for the first time the application of the results of this solution for studying
the contact of certain elements of a wind turbine structure. The contact interaction of
the blades and the hub made of composite material, which are connected with bolts,
is considered. The hub of the wind turbine is the central part to which the blades are
attached. Its strength and weight critically affect the efficiency and durability of the
wind installation. In modern wind turbines, the attachment of the blades to the hub is
carried out using high-strength bolts, as this ensures reliability and the possibility of
maintenance. The blade-to-hub connection points are a very important component of
the structure. To avoid energy loss at such joints, to reduce the weight of the
structure, to maintain its strength and service life, it is necessary to study the
mechanical properties of their interaction (tension, shear, stress in the contact area)
and to look for new materials for the structural elements that will allow for savings.

Material and research results. The main types of blade attachment to the hub
using bolts are, firstly, the ring flange mounting — the blade has a flange that is
fastened to the hub with bolt connections. It is used in large turbines (2+ MW). The
main advantage is the uniform distribution of load. Insert-type bolt connections are
still actively used. Bolts are screwed into insert metal sleeves integrated into the root
part of the blade, resulting in less load on individual attachment points. Traditionally,
hubs are made from steel or cast iron with high strength characteristics. However, due
to the heavy weight of these materials, the load on the supporting elements of the
wind turbine increases, which affects the overall system efficiency. The advantage of
composite materials is their low weight and corrosion resistance, which is especially
important for offshore wind turbines.

Main text.

Hubs made from composite materials (polymer composites reinforced with
carbon or glass fiber) are still rare today, mostly only found in experimental or small
turbines, but they have certain advantages that need to be investigated. Let us
consider a model problem of the contact interaction between a rigid hub and a wind
turbine blade made from a composite material with cylindrical anisotropy. This

means that the mechanical properties of the material vary depending on the angle and
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radial position, which is characteristic of laminated or wound composites. The bolt is
considered to be perfectly rigid. An external force is applied to it, which may include
axial force, bending moment, or a combination of loads. The hub is made of a
composite material, whose mechanical properties vary depending on the radial
coordinate and angle (cylindrical anisotropy). The contact between the hub and the
bolt is rigid. The contact pressure will be non-uniform due to the material anisotropy.
That 1s, the problem setup will be identical to the following problem of transferring
load from a rod to an orthotropic plate with cylindrical anisotropy, shaped like a ring

0=ty

R, <r<om,

sector (Fig. 3). Spring plate ~7<0<7 secured along the edges

At infinity, stress and displacement are absent. Along the median radius (9 = C') the
plate is reinforced with a rod, which at the extreme point’” =R, subjected to axial

load Fy (in this task, the direction was considered opposite to the direction of the bolt

pressure on the hub).

Figure 1 - Node design. Figure 2 - Load on the hub.
Itis considered that 0=¢=mh=InR /R;(R, <r<R),0<p<y.
This problem reduces to integrating the equilibrium equations of the plate in
terms of displacements
{Blugé, +Gu,, — B, (v?? +u)+ Gmv,, —Gv, =0,

GV, + Byv,, + By, + Gmt,, + G(uﬂ - v): 0;

(1
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under such boundary conditions:
o, = B(Roe? | (i, + %, (v, +10))= 0, 2 = G(Rye? I (ur, +v, —v)=0 (£ = 0, = ),

u=u,v=0 =0xu=v=0 (n==y) (2)

Figure 3- Contact scheme.

Rod displacement e satisfies the ratio

EFu,,, = BR,e*5(£) - 2R,e°7(£,0) 3)

and the contact interaction force between the rod and the plate is determined by the

formula (4).

T =10 =GlRe | @)

In the first approximation for this problem, the first type of boundary value
problem has the form (first type stress state)

10 Lo
Buiyy + Gty =0

)

v;’DJrul’D:O. ()

with boundary conditions u =u, (=0), u'=0@=7), (7)
Equations corresponding to the second type of NDS have the form

Gvs, +B,v,' =0, uy =0, (8)

under such boundary conditions:
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V;’D = —H;’D (é’ = O,é’ = h.), vl = 10 (;17 =0; n= }/) )
For the first-type NDS, the components of the displacement vector are obtained

_RR, a(y—1n) _2PR, & f(n,n)cos(a,&)

1 (E ) =
(c5) EF  gh EFh 5 @(n) (10)
e n)—_ Pk @ (r-n) 2R, s hinn)cos(a,f)
EF gh 2 @EFh 7 Z,p(n) (11)

where % = nrih. f(nn)=shloo,(y-n)l/ shiwa,y ). g=2Gw/( EF),
finn)=cHwo,(y—n)l/ shiwe,y). o=(B,/G)%; p(n)=al + ga,cth wya,) -

_ KR, wy* _ 2RR, W & crh(maﬂ}f)cos(anf)

‘,1,0 (‘f!o) = 3 7
EF 2gh EF owrn min’[n+g(hin)cth(we,y)]
VO E )= — 2PR, W & cos(et, &)
‘ EF  or' o n*sh(wa,y)n+ g(hi7)cth(wa, y))|
Conclusions.

The obtained solutions do not satisfy the zero boundary conditions for the
tangential stress T for the plate at ¢=0j¢g=nh , as well as zero boundary conditions

for the component of the displacement vector v at 7~ 0 and 7= 7" Elimination of
the corresponding inconsistencies is ensured by solving the second-type boundary
value problem of the non-stationary heat conduction. It should be noted that the

solutions for the contact interaction force obtained by the asymptotic method are

valid everywhere except in the immediate vicinity of the points. ¢=0.7=0 4n4

¢=0.7=7% Wwhere it is necessary to use a particular solution z(x)=Ax""

An unknown constant coefficient is determined from the ‘matching’ conditions
(at a certain point, the particular and approximate solutions, as well as their
derivatives, coincide). These conditions allow for determining the matching point of
the two solutions and the constant of the particular solution. It has been shown that
the zone in which it is necessary to use the particular solution is insignificant. The
obtained results can be used for optimizing the design of the hub-blade connection

and predicting the material's durability. The values obtained based on the proposed
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approach for contact stresses, together with the particular solution, provide an
approximate solution to the problem that is uniformly applicable throughout the
contact area, allowing for an effective study of the contact interaction pattern of the

specified elements of a modern wind turbine construction.

References.

1. Manevich L. [. & L. I. Manevich, A. V. Pavlenko, S. G. Koblik (1982).
Asymptotic Methods in the Theory of Elasticity of an Orthotropic Body /- Kyiv,
Donetsk: Vyshcha Shkola, 152 p.2. Kagadiy T. S., Shporta A. G., Bilova O. V.,
Shcherbyna 1. V. (2021) Mathematical Modeling in Problems of Geometrically
Nonlinear Elasticity Theory // Applied Issues of Mathematical Modeling. — 2021. —
Vol. 4, No. 1. — P. 103—-110. https://doi.org/10.32782/KNTU2618-0340/2021.4.1.11

3. Kahadii, T.S., Shporta, A.H., Bilova, O.V., & Shcherbyna, I.V. (2020).
Napruzheno-deformovanyi stan sharuvatoi osnovy z pidkripliviuchym elementom.
Prykladni pytannia matematychnoho modeliuvannia. KhNTU. 3 (2.1), 107-116.

4. Redchyts D., Fernandez-Gamiz U., Tarasov S., Tarasov A., Moiseienko S.
Comparison of aerodynamics of vertical-axis wind turbine with single and combine
Darrieus and Savonius rotors.

5. Redchyts D., Portal-Porras K., Tarasov S., Moiseienko S., Tuchyna U., Starun
N., Fernandez-Gamiz U. (2023) Aerodynamic Performance of Vertical-Axis Wind
Turbines. Journal of Marine Science and Engineering. Vol. 11(7):1367. P. 1-16.
https://doi.org/10.3390/jmse11071367 (Scopus, Q2).

6. Dovgyi S., Moiseienko S., Polevoy O., Redchyts D., Tarasov S.
(2024).Mathematical modelling of vertical-axis wind turbines rotors aerodynamics.
Topical Problems of Fluid Mechanics 2024, Prague, 2024. P. 31-37.
https://doi.org/10.14311/TPFM.2024.005 (Web of Science).

7. H. Pivnyak, F. Shkrabets, N. Neuberger, D. Tsiplenkov (2015) Basics of
Wind Energy: Textbook /; Ministry of Education and Science of Ukraine, National
Mining University. — Dnipro: NGU, 2015. — 335 p.

8. A. Chao Correas, A. Casares Crespo, H. Ghasemnejad, G. Roshan.(2021)

Conference proceedings 47



Technigue and technology of the future October 2025

Analytical Solutions to Predict Impact Behaviour of Stringer Stiffened Composite

Aircraft Panels. Applied Composite Materials. An International Journal for the

Science and Application of Composite Materials. Vol. 28, 2021 pages1237-1254 .

Crartio Hamicnano: 24.10.2025 p.

Conference proceedings 48



