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ABSTRACT

This paper investigates a class of generalized birecurrent Finsler spaces characterized by a
generalized recurrence condition imposed on Cartan’s third curvature tensor with respect to
Cartan’s connection. The geometric framework is formulated using non-null covariant vector
fields and higher-order covariant tensor fields. Fundamental consequences of the generalized
birecurrence condition are derived, including identities involving the h(v)-torsion tensor, deviation
tensor, Ricci tensor, curvature vector, and curvature scalar. It is shown that the Ricci tensor,
curvature vector, deviation tensor, and curvature scalar are non-vanishing in the considered class
of Finsler spaces. Several curvature identities are established through covariant differentiation,
tensor contraction, and transvection of the fundamental geometric relations. The developed
framework provides a mathematical basis for studying direction-dependent and curvature-
constrained dynamical structures. It also suggests potential extensions to mechanical systems and
renewable energy technologies involving directional states, nonlinear motion, and geometric
constraints. These results establish a theoretical foundation for developing Finsler-geometric
models of mechanical dynamics, energy conversion, and renewable energy systems.
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tensors, leading to a rich class of geometric structures and
identities.

Among the fundamental geometric objects in Finsler
geometry, Cartan’s connection and its associated curvature
tensors play a central role in characterizing the intrinsic
structure of a Finsler space. Recurrence conditions imposed

Introduction

Finsler geometry constitutes an important extension of
Riemannian geometry and provides a flexible mathematical
framework for describing geometric structures whose
properties depend on both position and direction. This
directional dependence makes Finsler geometry particularly

suitable for studying nonlinear and anisotropic phenomena.
In recent decades, considerable attention has been devoted to
recurrent and generalized recurrent structures in Finsler
geometry because they provide constrained relationships
between geometric quantities and their covariant derivatives.
Various forms of recurrence have been investigated in
association with different Finsler connections and curvature

on curvature tensors provide an effective framework for
analyzing the behavior of curvature under covariant
differentiation. Previous investigations have considered
recurrent, generalized recurrent, projective recurrent,
birecurrent, and related higher-order Finsler structures,
revealing significant relationships among curvature, torsion,
deviation, and Ricci-type tensors. These results provide
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important structural constraints for the characterization of
generalized Finsler spaces.

Motivated by these developments, the present work
investigates a class of generalized birecurrent Finsler spaces
in which Cartan’s third curvature tensor satisfies a
generalized recurrence condition with respect to Cartan’s
connection. The proposed formulation is based on non-null
covariant vector fields and associated covariant tensor fields.
By applying covariant  differentiation,  contraction,
transvection, and Bianchi-type identities, several fundamental
relationships are derived for the geometric quantities
associated with the considered space. In particular, the study
establishes identities involving the h(v) -torsion tensor,
deviation tensor, Ricci tensor, curvature vector, and curvature
scalar.

A principal objective of this study is to characterize the
consequences of the generalized birecurrence condition for
these fundamental curvature quantities. The analysis shows
that the Ricci tensor, curvature vector, deviation tensor, and
curvature scalar are non-vanishing within the generalized
birecurrent class under consideration. Furthermore, the
resulting curvature identities provide additional structural
restrictions and extend the collection of known relationships
associated with recurrent Finsler geometries.

The significance of the proposed framework also extends to
potential applications in mathematical modeling. Because
Finsler geometry incorporates directional dependence, it
offers a suitable geometric perspective for systems involving
nonlinear motion, rotational states, anisotropic behavior, and
geometric constraints. In mechanical engineering, such
features occur in various dynamical systems and rotating
machinery. Similarly, renewable energy technologies [1-4],
including wind energy conversion [5,6] and solar-tracking
systems [7-9], involve directional motion, orientation, and
constrained mechanical processes. Although the present work
is theoretical and does not introduce a numerical or
experimental model of a specific engineering system, its
curvature structure and tensor identities may provide a
mathematical foundation for future direction-dependent
models of mechanical dynamics and energy-conversion
processes.

Accordingly, the main contribution of this paper is the
development of a rigorous generalized birecurrent Finsler
framework and the derivation of associated -curvature
identities through Cartan’s connection. The obtained results
enrich the theoretical structure of generalized recurrent
Finsler geometry and provide a basis for future application-
oriented studies in nonlinear mechanics, anisotropic systems,
and renewable-energy technologies.

Finsler geometry provides a powerful mathematical
framework for describing anisotropic geometric structures
and has attracted increasing attention because of its
applications in mechanics, physics, robotics, and nonlinear
dynamical systems [10-12]. The foundational development of
Finsler spaces and their differential-geometric structures has
been established through classical treatments of Finsler
geometry and subsequent studies of curvature, geodesics, and
geometric invariants [12,13]. More recent investigations have
extended these foundations toward nonlinear spectra,
curvature properties, and geometric models with applications
in physical systems [10, 14-16]. In the context of recurrent
Finsler geometry, several studies have examined recurrent
tensor fields and the structural properties of generalized
recurrent spaces, including torsion-related tensors and their

special geometric conditions [17,18]. The concept of
birecurrence has subsequently been investigated for different
tensor fields and Finsler structures, providing broader
recurrence conditions beyond the classical framework [19].
Higher-order recurrence has also been developed through
fourth-order and generalized recurrent Finsler spaces, with
particular attention to recurrence decompositions and higher-
order curvature tensors [20-22]. Further contributions have
addressed BK-5th and BW-four-recurrent Finsler spaces,
thereby extending recurrence theory to higher-order
geometric structures [23,24]. Studies involving generalized
recurrence and Lie derivatives have established additional
relationships between curvature tensors and their differential
properties [25,26]. Particular attention has also been devoted
to projective and M-projective curvature tensors in recurrent
and birecurrent Finsler spaces, leading to new geometric
identities and characterizations [27,28]. The interaction
between generalized recurrence and fundamental curvature
tensors, including Cartan and Weyl tensors, has further
enriched the geometric characterization of birecurrent Finsler
spaces [29]. Recent research has increasingly connected these
mathematical structures with applied problems, including
anisotropic image processing, where generalized recurrent
Finsler models provide a geometric framework for
representing direction-dependent structures [30]. Higher-
order recurrent Finsler geometry has also been associated
with anisotropic flow modelling and computational fluid
dynamics, demonstrating its potential in modelling complex
mechanical systems [31]. Moreover, generalized recurrent
Finsler structures have been investigated in intelligent robotic

path planning and anisotropic biomedical systems,
highlighting their relevance to emerging engineering
applications [32,33]. Related developments in spatial

elasticity, nonlinear stress estimation, and natural convection
further demonstrate the broader relevance of advanced
mathematical modelling to engineering phenomena [34-38].
Despite these advances, the systematic integration of higher-
order recurrence conditions, curvature identities, and
application-oriented Finsler structures remains an active
research direction, motivating further development of
generalized recurrent and birecurrent Finsler models.

Despite these significant developments, the existing literature
remains largely focused on particular classes of recurrent or
birecurrent Finsler spaces and on individual curvature tensors
or differential operators. A systematic treatment that
combines generalized birecurrence with the derivation of
interconnected identities for the principal geometric tensors
associated with Cartan’s connection is still limited. In
particular, the relationships among the h(v)-torsion tensor,
deviation tensor, Ricci tensor, curvature vector, and curvature
scalar under a generalized birecurrent condition require
further investigation. The present work addresses this gap by
establishing a unified framework for generalized birecurrent
Finsler spaces and deriving new curvature identities through
covariant differentiation, contraction, transvection, and
Bianchi-type relations. Moreover, the non-vanishing
character of the fundamental curvature quantities is examined
within the proposed structure. Beyond its intrinsic geometric
significance, the framework provides a mathematical basis
for describing direction-dependent and curvature-constrained
phenomena, with potential relevance to anisotropic
mechanical systems, nonlinear dynamics, and renewable-
energy technologies.
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Let F be a Finsler metric defined on an n-dimensional Finsler
manifold, satisfying the standard regularity and positivity
conditions. Denote by g;; the corresponding fundamental
metric tensor, and by G, and G the coefficients of the
Cartan and Berwald connections, respectively.
These connection coefficients are symmetric with respect to
their lower indices and are positively homogeneous of degree
zero with respect to the directional variables.
The Cartan and Berwald connection coefficients, together
with their associated tensorial quantities, are related through
the following fundamental relation:

ik _ sk _ 1, if i=k ,
L1 gy9" =0 {0 ,if i#k

The vectors y; and y* satisfies the following relations

(12) &) yi=gyy . b) yy =F,
¢ 9i;j=0;y =0y ,
d) gijyjzia'inzFa'iF \

and e) 0;y' =24/
The tensor Cjj, defined by
(1.3)  Cye =30 gju = 70; 9, 6, F?,
is known as (h) hv-torsion tensor.
It is positively homogeneous of degree -1 in the
directional arguments and symmetric in all its indices.
The (v) hv-torsion tensor €[ and its associate (h) hv-torsion
tensor C;j, are related by
(1.4) a) Cjy' =Crijy' =Cyiy' =0,

b) Cikyj=clijyj=0 \
and c¢) Cl=g"Cj .
The (v) hv-torsion tensor CJ is also positively homogeneous
of degree -1 in the directional arguments and symmetric in its
lower indices.
Cartan deduced the h-covariant derivative for an arbitrary
vector filed X¢ with respect to x*
(15) X\ =0, X' —(0,X") Gf + X"T;
The metric tensor g;; and the vector y* are covariant constant
with respect to a above process, i.e.
(16) a) gy =0 , b) ¥, =0 and c) g/ =0.
The process of h-covariant differentiation with respect to
x* commute with partial differentiation with respect to y/ for
arbitrary vector filed X! , according to

(L.7) 9, (ka) - (9,x1)  =x"(9;5%) — (9.X) By,
where

(1.8) a) 6 Lok = f;lrk , b) Plihyk =0= Plihyh

and ¢) Ph,y/ =P, .

The tensor P}, is called v(hv)-torsion tensor and its associate
tensor Py, is given by

(1.9) ) grj Pen = Pjn - _
The associate tensor P;j,;, of the (hv)-curvature tensor Py,
is given by

(1.9) b) gir Pﬁm = Pijkn

The quantities H},, and Hy,form the components of tensors

and they called h-curvature tensor of Berwald (Berwald
curvature tensor) and h(v)-torsion tensor, respectively, and
defined as follow:

(1.10) @) Hjyp = 0;Gip + Gip G + Glyj G
T aj Gﬁk — Gpy Grl Grlk} G _
and b) HL, =0,G:+ GLCL, —0,G: —GLCL, .

They are skew-symmetric in their lower indices, i.e. k and h
Also they are positively homogeneous of degree zero and
one, respectively in their directional arguments. They are also
related by

(1.11) a) Hkh y/ =Hpp
and c¢) Hk_a HL .
These tensors were constructed initially by mean of the tensor
H , called the deviation tensor, given by

(1.12) H} =20,G' — 0,GLy" + 2 G, G — GLGS .

The deviation tensor H}, is positively homogeneous of degree
two in the directional arguments.

In view of Euler's theorem on homogeneous functions and by
contracting the indices i and h in (1.11) and (1.12), we have
the following:

(1.13) &) Hjy/ = —Hi; y!
and b) y;H; b=

The quantities H ikn and Hkh are satisfies the following
(1-14) a) Hl]kh - g]r lhk ’ b)
and ¢) y;Hj =0.

Cartan's third curvature tensor R}kh satisfies the identity
known as Bianchi identity

(115) @) R}khls+R}sm+thslk

+ (Rmhs jkr + Rmth]lsr + anskl)jiflr) ym =0
and b) Rl]hk + thk] + le]h

+(Cl]5 Kihi + Cins K rk] + Cus K7 h) y =0,
where c) P = asr;;r LSU +Ch, kay
The Ricci tensor R; , the deviation tensor Ry, and the
curvature scalar R of the curvature tensor R}kh are given by
(1.16) a) Rjikh yl = Hfizk = th vy,

b) Rijhk = grj Rink ,

0 Rinmy’ =Hipm » ) Ripe = 9" Rijnic
and ) R, 9’* =R}
The contracted tensor Rkh(Rlcci tensor) and R, (Curvature
vector) are also connected by
(1.17) a) R ky =R;, b)
and c) R! ki = Rk -
Also, this tensor satisfies the foIIowing relation too
(118) @) Riwn = Kjin + Cfs Kue "

b)  Rijin = Kijkn + Cus Hkh
and ¢) Rixnm ¥’ = Hinm -
where R, is the associate curvature tensor of R
Cartan’s fourth curvature tensor K} vn, and Its associate
curvature tensor of Kjj, satisfy the following known as
Bianchi identities
(119) a) K+ Kij+Kip; =0,
and b)  Kjrkn + Knrjic + Kirnj = 0

b) Hjikh = ajHll;h )

=H} ,

jkn = g]thk )

Ry ¥/ = Hy ,

2. On Generalized R"-Recurrent Space

Consider an n-dimensional Finsler space F,whose Cartan’s
third curvature tensor satisfies the following generalized
birecurrence condition:

21) Rl = AmRin + (85 9 = 5k 9n)
+Zym(Rllcgjh - R;ugjk) y Rign #0
where 4,, and p,, are non-null covariant vectors field. We

shall call such space as a generalized R"-recurrent space. We
shall denote it briefly by GR"-RE, .
By taking the covariant derivative of equation (2.1) with
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respect to x! in the framework of Cartan’s connection and
applying condition (1.6a), we obtain the following relation:
(2.13) R;kh|m|l = amzRfkh + b ((Sligjh - 5;.1911()

+%sz (Rllcgjh - R}llgjk)

+%Vm(Rllcgjh - R;lgjk)ll -
Such that apy = Apy + Ay, by = W + Ay and ¢y =
An¥1 + Ymp» Where a,, , by and ¢y, are non-vanishing
second-order covariant tensor fields, and A,, is a non-
vanishing first-order covariant vector field.
Definition 2.1. A Finsler space in which Cartan's third
curvature tensor R}kh satisfies condition (2.13) is called a
generalized R ,-birecurrent space, and the associated tensor is
referred to as a generalized h-birecurrent tensor. These are
denoted concisely by G*"¢Ry, - BRF, and G**h - BR,
respectively.
Thus, for an n-dimensional Finsler space E, , if Cartan's third
curvature tensor R}kh satisfies both conditions (2.12) and
(2.13), the corresponding spaces are denoted by GZ”dRm-
RE, and G*™R ;- BRF, , respectively.
Transvecting of (2.1) by the metric tensor g;, , using (1.6a),
(1.16b) and in view of (1.1), we get
22)  Ripini = 2iRipien + 1(Gnp Gjic = Gicp Gjn) -
Conversely, the transvection of the condition (2.2) by the
associate tensor g’ of the metric tensor g;, , vields the
condition (2.1). Thus, the condition (2.2) is equivalent to the
condition (2.1). Therefore, a generalized R"-recurrent space
characterized by the condition (2.2).
Therefore, we have

Theorem 2.1. An GR" - RE, may characterized by the
condition (2.2).

Let us consider GR"- RE, characterized by condition (2.2).
Transvecting the condition (2.1) by y/, using (1.6b), (1.16a)
and (1.2a), we get

(23) Hpy = MHL, + (8% yie — 8Ly )

Further, transvecting (2.3) byy*, using (1.6b), (1.13a), (1.2b)
and in view of (1.1), we get

(24) H,, = MHE+ i (8EF2 — yuy')

Therefore, we have

Theorem 2.2. In GR"-RE, , the h-covariant derivative of the
h(v)-torsion tensor H., and the deviation tensor H}, is given
by the conditions (2.3) and (2.4), respectively.

Contracting the indices i and h in the condition (2.1), using
(1.17c) and (1.1), we get

(2.5) Rjen = MRji + =D g -

Transvecting (2.5) by y* , using (1.6b), (1.17a) and (1.2a),
we get

(26) Ry =A4R+Mm-Duy; .

Further, transvecting the condition (2.1) by the associate
tensor g/* of the metric tensor g , using (1.6c), (1.16e) and
in view of (1.1), we get

(270 R =A4R.+m—1) s} .

hil
Contracting the indices i and h in condition (2.7) and using
(1.1), we get
(2.8) R, =4 R+n(n—-1Dy .

where RI =R .
The conditions (2.5), (2.6), (2.7) and (2.8), show that the
Ricci tensor R, , the curvature vector R; , the deviation

tensor R} and the curvature scalar R of a generalized R"-
recurrent space cannot vanish, because the vanishing of them
imply the vanishing of the covariant vector field y; , i.e.
w; = 0, a contradiction.
Thus, we conclude
Theorem 2.3. In GR"-REF, , the Ricci tensor Rj , the
curvature vectorR;, the deviation tensor R! and the curvature
scalar R are non-vanishing.
Certain ldentities
In this section we shall obtain some identities in GR"-RE, .
Taking h- covariant differentiation of the formula (1.15b)
with respect to x! in the sense of Cartan and transvecting
(1.15b) by the associate tensor g/P of the metric tensor g ip 1
using (1.6¢), (1.16a), (1.16d) and (1.4a), we get
(31 R+ 9 Riwju + 977 Ry

+ (CLHy + 7P Cins HE; + g7P Cyyes Hjsh)ll =0.
Transvecting (3.1) by y?, using (1.6b), (1.16a), (1.18c), (1.4b))
and (1.4a), we get
(32  Hy t 9P Hyeju+ 9P Higpy =0 .
Thus, we conclude
Theorem 3.1. In GR"-RE, , the identities (3.1) and (3.2) hold
good.

Using (1.16b) and (1.16a) in the identity (1.15b), we get
(3.3) 9rjRink + grrRixj + 9ricRijn + Cijs Hik
+ Cl'hSHIij + CikSH]:Sh =0 .
Now, transvecting (3.3) by y ¢, using the equations (1.16a)
and (1.4b), we get
(3.4) Irj Hp + Grn chj + 9rr erh =0 .
By using (1.14b), the equation (3.4) yields to
(35) th.k + Hkh.j + ij.h = 0
Transvecting (3.4) by y ", using (1.13a) and (1.2a), we get
(3.6) Irj Hy = grk H]T .
Thus, we conclude
Theorem 3.2. In GR"-REF, , the identities (3.4), (3.5) and
(3.6) hold good.

Using (1.16a) in the identity (1.15a), we get
(B7)  Rijkn + Rinjjk + Riknyj + Hin Pljs

+ jsk irhs+Hislj 5{5 =0
In view of the condition (2.1), the identity (3.7), may be
written as

(3.8) An Rl + Ak Rl + 4 Rign,

+ .uh(alcgij - ‘ngik) + Hk(é}rgih - 6;;917)
+u;(8hgix — Ok gin) + (H;?hPiG's + H; Pls + Hpj s) = 0.
Transvecting (3.8) by y!, using (1.16a), (1.2a) and (1.8c),
we get

(3.9) A Hjj + A Hy; +4; Hyy

+ .Uh(dzty]' - 5,'r3’k) + .uk(‘Serh - 5rTLYj)
+ u;(Shyi — Ok yn) + (Hlihpjg + Hj, Pps + Hp; Pr)=0.
Transvecting (3.9) by y/, using (1.13a), (1.2b), (1.1) and
(1.8b), we get
(3.10) A, Hf — A Hp + 1Hp,

+ unGE F2 = e y") + e y" — 6 F?)

+u 6y — 8k yn) + (Hi Py —Hp Pg) =0,
where 4;y/ =24 and p;y/ =pu .
Thus, we conclude
Theorem 3.3. In GR"-RE, , the identities (3.8), (3.9) and
(3.10) hold good.
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Further, transvecting (3.9) and (3.10) by the vector y,. , using
(1.14c), (1.1), (1.13b) and (1.2b), we get

(3.11)  (Hgy Pl + Hjy Prs + Hi PL) v, = 0, and

(3.12) Hj y.P;, = H; y, Py, ., respectively.

Thus, we conclude

Theorem 3.4. In GR"-RE, , the identity (3.11) holds good.
Theorem 3.5. In GR"-RE, , we have the identity (3.12).

Transvecting (3.8), (3.9) and (3.10) by the metric tensor g, ,
using (1.16b), (1.1), (1.9b), (1.14b), (1.9a) and (1.2a), we get
(B.13)  AnRimjk + ARimnj + A Rimin

+ tn (Grem 9ij — 9jm i)

+ Mk(gjmgih - ghmgij)

+ 1 CGnhm Gik — Giom Jin)

+ (ngh Pimjs + Hjsk Pimhs + Hﬁj Pimks) =0 ’

Ap Himy + A Hym j + A Him

+(Hl§h ijs + Hjsk ths + Hﬁj Pkms) =0 ’ and
9rm (AhHI: - Ak HIZ + 1 HI:h)

+ tn Giem F? = Vi Ym)

+ e Ym = Gam F?) + 1t (Gram Yic = Giom Y1)

+ (H}; Ppms — Hp Pems) = 0, respectively.

Thus, we conclude

Theorem 3.6. In GR"-RE, , the identities (3.13), (3.14) and
(3.15) hold good.

Using (1.18b) and (1.16a) in the identity (1.15b), we have
(3.16)  Kijnk + Kinkj + Kikjn

+2 (Cijs Hie + Cins Higj + Cus Hjy ) = 0
In view of (1.19b), the identity (3.16) becomes
(3.17)  CijsHpx + Cips Hij + Cis Hjp, =0 .
Taking h-covariant differentiation of the identity (3.17), with
respect to x! in the sense of Cartan, we get
(3.18)  CijspHpk + Cijs Hpyep + CinspiHicj + Cins Hjt

+ Ciksjt Hjjy + Cigs Hipyy = 0 '
Now, transvecting (3.18) by the associate tensor g™, using
(1.6¢) and (1.4c), we get
(3.19)  Cigy Hpy + Cis Hﬁku + Cingp1 Hl?j g7

+ Cins Higjj 9™ + Ciksp Hin g™

+ Cixs Hjpp 97 =0 .
Transvecting (3.18) and (3.19) by y *, using (1.6b), (1.13a)
and (1.4a), we get

(3.14)

(3.15)

(3.20)  Cyjsy Hi + Cijs Hiyy = Cigsp Hj' + Cipes Hjjy
and
(3.21)  ClLy Hi + CL Hey = (Coes Hf + Curs Hij) g™

respectively. Thus, we conclude
Theorem 3.7. In GR"-RE, , the identities (3.18), (3.19),
(3.20) and (3.21) hold good.

Further, transvecting (3.18) and (3.19) by g, , using (1.6a)
and (1.14b), we get

(3.22)  Cijsy Hpri + Cijs Hurieyp + Cinsp Herj
+ Cins Hir jjt + Cikest Hirn + CixsHjrpp = 0, and
(3:23)  Cigy Hpr + Cis Hprpep + (Cihs|l Hi j + Cing Hir i1

+ Cirsjt Hjrn + Cirs Hirppt) 97 = 0, respectively.
Thus, we conclude
Theorem 3.8. In GR"-RE, , the identities (3.22) and (3.23)
hold good.
Conclusion
This study has developed a generalized birecurrent Finsler
framework based on Cartan’s connection and the generalized

recurrence condition imposed on Cartan’s third curvature
tensor. Within this framework, several fundamental
consequences of the proposed geometric structure have been
established using covariant differentiation, tensor contraction,
transvection, and Bianchi-type identities. In particular, new
relationships involving the h(v) -torsion tensor, deviation
tensor, Ricci tensor, curvature vector, and curvature scalar
have been derived. The analysis further demonstrates the
non-vanishing character of the principal curvature quantities
considered in the generalized birecurrent setting. These
results provide additional structural constraints for the
characterization of generalized recurrent Finsler spaces and
contribute to the development of curvature-based identities in
Finsler geometry. Overall, the proposed framework extends
existing recurrent and birecurrent structures and provides a
rigorous mathematical foundation for further investigations
of direction-dependent geometric and dynamical systems.
Future Applications and Research Directions
The theoretical framework developed in this study opens
several promising directions for future research. First, the
generalized birecurrent curvature structure can be
incorporated into mathematical models of nonlinear
mechanical systems, particularly those involving directional
dependence, rotational motion, anisotropic behavior, and
geometric constraints. Second, the framework may be
investigated in wind-energy conversion systems, where
aerodynamic direction, rotor dynamics, and nonlinear
mechanical motion interact within a direction-dependent
operating environment. Third, Finsler-geometric formulations
may be developed for solar-tracking mechanisms, in which
the orientation and trajectory of energy-collection surfaces
are governed by directional and geometric constraints.
Further extensions could also address anisotropic materials,
vibration and rotating machinery, nonlinear control systems,
and energy-conversion processes.

An important future objective is to establish explicit
mathematical models that couple the curvature identities
derived here with the governing equations of mechanical and
renewable-energy systems. Numerical simulations, stability
analysis, and parameter estimation could then be employed to
determine whether generalized birecurrent Finsler structures
provide measurable advantages over conventional
Riemannian or Euclidean formulations. Such developments
would transform the present theoretical framework into an
application-oriented geometric modeling methodology for
direction-dependent mechanical dynamics and renewable-
energy technologies.
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