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Analysis Of Load Transfer Mechanisms
and Structural Performance in Aircraft
Landing Gear Systems

Abstract

In the first touchdown phase, aircraft landing gear systems experience highly
transient impact loads. Complex internal force transfer mechanisms govern the
structural response of the landing gear assembly. Accurate understanding of
the transient reaction forces is important for the understanding of the load
redistribution characteristics and the identification of the structurally critical
regions within multi-link landing gear mechanisms.In the present study, a
planar rigid-body multi-body dynamics (MBD) model of a passenger aircraft
rear landing gear mechanism was developed to investigate internal reaction-
force transmission behavior during loading conditions induced by initial
touchdown. The main goal of the study is not to recreate the entire shock
absorption process of the landing gear system but to investigate the dominant
load transfer paths and transient member-level reaction forces taking place in
the initial impact phase. The extracted reaction forces from the MBD model
were then used for preliminary structural assessment using finite element
analysis (FEA).Transient distributions of reaction forces on the main strut,
lateral members, and locking links were computed in order to characterize the
hierarchical load transfer behavior within the landing gear assembly. Along
with the representative transient peak loading conditions, comparative
structural assessments were also performed for titanium and aluminum alloy
configurations considering the equivalent stress, total deformation, safety
factor, and fatigue-sensitive areas.The results indicate that the main strut and
adjacent linkage members are the primary load-transfer path during initial
touchdown and that the locking members undergo significant transient axial
reaction forces associated with short duration impact redistribution. The
comparative structural assessments also reveal that the titanium alloy
configuration exhibits reduced levels of deformation and enhanced structural
durability attributes when compared to the aluminum alloy model under the
examined loading conditions.The study offers an idealized yet physically
interpretable context of member-level transient load-transfer behavior and its
indicative structural implications for multi-link passenger aircraft landing gear
mechanisms.

Keywords: Aircraft landing gear, Multibody dynamics, Internal load
transfer, Transient reaction forces, Structural assessment, Fatigue
behavior.
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Ucak inis Takim Sistemlerinde Yiik Aktarim
Mekanizmalarinin ve Yapisal Performansin
Analizi
0z

Ucak inis takimi sistemleri, inisin baslangi¢ asamasinda karmasik i¢ kuvvet
transfer mekanizmalarinin inis takim1 montajinin yapisal tepkisini yonettigi,
son derece gecici darbe yiiklerine maruz kalir. Bu gegici tepki kuvvetlerinin
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dogru yorumlanmasi, yiik yeniden dagilimi 6zelliklerini anlamak ve ¢ok baglantili inis takim1 mekanizmalari icindeki
yapisal olarak kritik bolgeleri belirlemek i¢in énemlidir. Bu calismada, yolcu ugagi arka inis takimi mekanizmasinin
diizlemsel rijit govde ¢oklu gévde dinamigi (MBD) modeli, ilk temas kaynakli yiikleme kosullari sirasinda i¢ reaksiyon
kuvveti iletim davranigini arastirmak amaciyla gelistirilmistir. Calismanin temel amaci, inis takimi sisteminin tam sok
emme slirecini simiile etmek degil, aksine erken carpma asamasinda olusan baskin yiik aktarim yollarini ve gecici iiye
seviyesindeki tepki kuvvetlerini incelemektir. MBD modelinden elde edilen tepki kuvvetleri, daha sonra sonlu
elemanlar analizi (FEA) ile 6n bir yapisal degerlendirme i¢in kullanildi. Ana dikme, yan elemanlar ve Kkilitleme
baglantilari lizerinde etkili olan gegici tepki kuvveti dagilimlari, inis takimi montaji i¢gindeki hiyerarsik yiik aktarim
davramisimi karakterize etmek amaciyla degerlendirildi. Ayrica, temsil niteligindeki gecici zirve yiikleme kosullar
altinda esdeger gerilme, toplam deformasyon, giivenlik faktorii ve yorulma hassasiyetine sahip bolgeler acisindan
titanyum ve aliiminyum alasim konfigiirasyonlari i¢in karsilastirmali yapisal degerlendirmeler yapildi. Sonuglar, ana
diregin ve bitisik baglanti elemanlarinin ilk temas asamasinda birincil yiik aktarim yolunu olusturdugunu, kilitleme
elemanlarinin ise kisa siireli darbe yeniden dagilimiyla iligkili énemli gecici eksenel tepki kuvvetleri yasadigini
gostermektedir. Karsilastirmali yapisal degerlendirmeler, titanyum alasiminin konfigiirasyonunun, incelenen yiikleme
kosullar1 altinda aliiminyum alasim modeline kiyasla daha diisiik deformasyon seviyeleri ve gelistirilmis yapisal
dayaniklilik ozellikleri sagladigin1 gostermektedir. Sunulan ¢alisma, ¢ok baglantili yolcu ugagi inis takimlari
mekanizmalarinda tliye diizeyinde gecici yiik aktarim davranisini ve bunun gosterge niteligindeki yapisal etkilerini
arastirmak icin idealize edilmis ancak fiziksel olarak yorumlanabilir bir ¢erceve sunmaktadir.

Anahtar kelimeler: Ucak inis takimi, Goklu cisim dinamigi, i¢ yiik aktarimi, Gegici reaksiyon kuvvetleri,
Yapisal degerlendirme, Yorulma davranisi.
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1. INTRODUCTION

Aircraft landing gear systems are among the most critical mechanical structures in aircraft
design due to their responsibility for supporting aircraft loads during taxiing, takeoff, and landing
operations. During touchdown, landing gear assemblies are subjected to highly transient impact loads
generated at the wheel-runway interface. These loads propagate through interconnected structural
members, producing complex internal reaction forces, stress concentrations, deformation, and fatigue-
sensitive regions within the mechanism. Approximately 85-90% of the total aircraft landing load is
transmitted through the main landing gear assemblies, making these components highly critical in
terms of structural integrity, operational safety, and service life [1-3].

As aircraft mass, landing velocity, and operational loading requirements continue to increase,
accurate characterization of load-transfer behavior and structural response within landing gear
systems has become an important aspect of modern aerospace engineering. Previous investigations
have demonstrated that the highest stress concentrations and structural demands generally occur in
the primary load-carrying members, particularly within the main strut and interconnected support
mechanisms forming the dominant load paths during landing events [4-7]. Repeated transient loading
conditions may accelerate crack initiation, local stress accumulation, and fatigue-related damage,
thereby significantly affecting long-term durability and maintenance requirements.

To investigate these complex dynamic behaviors, multibody dynamics (MBD), finite element
analysis (FEA), and flexible multibody dynamics (FMBD) approaches have been extensively utilized in
the literature. Early multibody investigations demonstrated the capability of system-level dynamic
formulations to capture transient landing responses and internal forceevolution in aircraft landing
gear systems [8-13]. In addition, flexible multibody approaches have increasingly been employed to
incorporate structural flexibility and improve the physical representation of landing gear dynamics.
Xue et al. [14] developed a simplified flexible multibody dynamic model for a main landing gear
equipped with flexible leaf springs in order to investigate the influence of structural flexibility on
landing behavior. Liu and Wang [15] further improved multibody landing gear simulations by
incorporating structural flexibility and bearing contact effects into drop-test analyses. Similarly, Li et
al. [16] investigated lever-spring landing gear systems with elastomer shock absorbers through
multibody simulations and experimental drop-test evaluations.
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Along with the progress of multibody simulation techniques, the development of coupled MBD-
FEA methodologies and flexible structural modeling approaches has been parallel and widely
established in the field of landing gear research and aerospace structural analysis. Gufler et al. [17]
also presented a detailed review of flexible multibody dynamics approaches for engineering design
optimization studies. Krason and Malachowski [18] compared rigid multibody and three-dimensional
finite element models for transport aircraft landing gear systems and showed the importance of
coupling dynamic loading behavior with structural analysis. Delprete et al. [19] also proposed a model-
based design framework integrating the dynamic and structural analyses for the aircraft landing gear
systems. The above studies clearly indicate that the coupling of MBD-FEA and FMBD-based landing
gear analyses are already established approaches in the literature.
Apart from the dynamic investigations, several studies have been conducted on the structural integrity
and fatigue behavior of the landing gear systems under operational loading conditions. Patra and Naik
[20] conducted finite element analyses to assess the structural and fatigue safety characteristics of
aircraftlanding gear systems. Similarly, Aftab et al. [21] studied the structural and fatigue performance
of the landing gear structures of passenger aircraft through finite element simulations. Moreover,
recent studies have also looked into advanced damping and shock-control mechanisms to improve
transient landing response and vibration suppression performance. Kang et al. [22] presented linear
and nonlinear landing gear drop simulations with MR dampers and Kang and Choi [23] investigated
the structural analysis and shock-control behavior of landing gear systems with MR dampers.

A large body of research exists on coupled MBD-FEA simulations, flexible multibody
formulations, and structural landing gear analyses; however, there are few detailed investigations on
the transient member-level internal reaction-force evolution and hierarchical load-transfer behavior
in simplified multi-link passenger aircraft landing gear mechanisms. Existing studies mainly focus on
the global structural response, overall drop-test performance or the system-level dynamic behavior .
However, the interpretation of the transient internal load-transfer paths between individual structural
members during the initial touchdown stage has been comparatively less discussed.
The integrated MBD-FEA approach is increasingly adopted in landing gear studies, but the main
applications have been addressed to global structural response prediction, impact-load evaluation,
drop-test simulation and design optimization . For instance, Rahmani and Behdinan [5] applied a
coupled multibody-finite element approach to evaluate the characteristics of dynamic loading and
structural response of landing gear systems. Liu and Wang [15] investigated the landing gear
performance by using integrated multibody simulations with structural flexibility effects. On the other
hand, the present study is concerned with the interpretation of transient member-level reaction-force
evolution and hierarchical load-transfer mechanisms in a six-link passenger-aircraft landing gear
configuration. The proposed approach does not aim at the development of a new coupling
methodology, but at identifying the dominant force transfer paths and relating these load transfer
characteristics to the distributions of deformation, safety-factor and fatigue obtained from the
structural analyses.

Therefore, the present study investigates the transient internal load-transfer behavior of a six-
link passenger aircraft rear landing gear mechanism under touchdown-induced loading conditions
using a planar rigid-body multibody dynamics approach. The primary objective of the study is not to
introduce a new MBD-FEA integration framework or to establish a fully coupled flexible landing
simulation model, but rather to characterize dominant transient reaction-force paths and member-
level load redistribution behavior during the initial touchdown phase. In this context, the adopted
planar rigid-body formulation was intentionally simplified to investigate dominant transient load-
transfer behavior under conservative initial touchdown conditions rather than the complete shock-
absorption dynamics of the landing gear system.The transient reaction forces extracted from the
multibody model are subsequently utilized for a preliminary structural assessment of titanium and
aluminum alloy configurations through finite element analysis. In this manner, the study aims to
provide a physically interpretable evaluation of hierarchical load-transfer mechanisms and their
indicative structural implications in multi-link passenger aircraft landing gear systems.
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2. MATERIALS AND METHODS

The mechanical behavior of aircraft landing gear systems is governed by highly coupled
nonlinear dynamic interactions involving structural components, shock absorbers, and wheel-runway
contact forces. To accurately capture these interactions, a physics-based modeling approach grounded
in multibody dynamics (MBD) theory is employed. The system dynamics are formulated through
coupled differential equations derived from Newton-Euler principles, enabling realistic
representation of motion, internal force transmission, and energy dissipation mechanisms.

Appropriate physical idealizations and simplifying assumptions are introduced to preserve the
essential dynamic characteristics of the system while maintaining computational efficiency. This
modeling strategy allows reliable prediction of transient landing responses and provides detailed
time-dependent binding forces acting on each structural member of the landing gear mechanism.

Within this study, the landing gear system is developed as a comprehensive multibody dynamic
model to extract kinematic behavior and internal load distributions under representative landing
conditions. The resulting force histories are systematically analyzed to identify dominant load-
carrying components and hierarchical force transfer pathways within the mechanism, offering direct
insight into the mechanical behavior of the landing gear assembly. In addition, the obtained load data
were used as input in the structural evaluation, which included deformation and stress analyzes, to
examine the structural response of the landing gear system under realistic loading conditions.

The transient reaction-force histories obtained from the MSC Adams simulations were extracted
from the principal load-transfer locations of the landing gear mechanism. The updated force-time
responses were subsequently evaluated, and the representative peak reaction loads corresponding to
the critical touchdown stage were identified. These loads were transferred to the finite element model
developed in ANSYS Mechanical and applied directly at the axle connection regions as equivalent
external loads. The upper attachment locations of the landing gear assembly were constrained to
represent the structural connection to the aircraft fuselage. This procedure enabled direct correlation
between the transient load-transfer behavior predicted by the multibody dynamics model and the
structural response obtained from the finite element analyses.All translational degrees of freedom at
the upper attachment regions of the landing gear assembly were constrained to represent the
connection between the landing gear and the aircraft fuselage. The transferred loads were applied at
the axle connection locations in the corresponding global coordinate directions obtained from the
multibody dynamics simulations.

2.1. Degree of Freedom

The degree of freedom (DOF) of a mechanism represents the number of independent
parameters required to completely define the configuration of the mechanism. The DOF depends on
the number of links, the number of joints, and the kinematic constraints imposed by the joints. In the
present study, the landing gear mechanism was modeled using a planar rigid-body representation in
the Y-Z plane in order to investigate the dominant transient load-transfer behavior during the initial
touchdown stage.

For planar mechanisms, the degree of freedom can be calculated using Equation (1):
F=A-j-1D+3f (1)

where A is the degree of freedom parameter of the space, 1 is the number of links, j is the number
of joints, and fi is the degree of freedom of the i-th joint. Since the present study adopts a planar
mechanism formulation, the space parameter was selected as A = 3.



Analysis Of Load Transfer Mechanisms and Structural Performance in Aircraft Landing Gear Systems

Figure 1. Passenger aircraft main landing gear mechanism front and side view.

Figure 1 illustrates the simplified six-link rear landing gear mechanism of the passenger aircraft
considered in this study. The mechanism was represented using planar equivalent joint definitions
within the Y-Z plane. Accordingly, the joints were modeled using idealized revolute joint
representations consistent with the adopted planar kinematic formulation.Although the landing gear
motion was represented in the Y-Z plane for visualization purposes, all kinematic formulations, vector
operations, moment calculations, and transient dynamic solutions were evaluated according to the
right-hand-rule convention internally employed by the MSC Adams solver environment. The adopted
planar representation was therefore used only to simplify visualization and interpretation of the
dominant touchdown-induced load-transfer behavior.

A=3,1=6,j=6,%f,=7
F=36-6-1)+7=4 (2)

Thus, the landing gear mechanism possesses four degrees of freedom within the adopted planar
kinematic representation. These degrees of freedom physically correspond to the dominant planar
motions of the interconnected landing gear members during the touchdown event, including the
rotational motions of the main linkage components and the associated vertical load-transfer behavior
within the Y-Z plane. The adopted planar representation was intentionally selected to investigate the
dominant transient reaction-force evolution and internal load-transfer mechanisms during the initial
touchdown stage rather than a fully three-dimensional landing simulation including lateral side-load
effects. In the present study, the adopted planar rigid-body formulation was intentionally simplified to
investigate the dominant transient load-transfer behavior during the initial touchdown stage. Rather
than modeling the complete nonlinear oleo-pneumatic shock absorber and tire deformation
mechanisms, the dominant compliance and energy dissipation associated with the touchdown event
were represented by an equivalent linear spring-damper formulation. This equivalent representation
was consistently implemented in both the analytical formulation and the MSC Adams multibody model
to ensure methodological consistency while maintaining the computational efficiency of the simplified
rigid-body model. Consequently, the extracted reaction forces should be interpreted as representative
transient loads corresponding to the initial touchdown phase rather than the detailed response of a
fully nonlinear landing gear shock-absorber system.

2.2. Force analysis of the Landing Gear Mechanism

During the initial touchdown phase, the landing gear mechanism is subjected to transient
external and internal forces arising from the redistribution of the aircraft weight and the impact-
induced reaction at the lower axle region. The linkage members were modeled as rigid bodies, while
the dominant compliance and energy dissipation associated with the initial touchdown response were
represented by an equivalent linear spring-damper element.

The equivalent force does not represent a detailed nonlinear oleo-pneumatic shock absorber or
a separate deformable wheel model. Instead, it accounts for the combined effect of local contact
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compliance, limited structural flexibility, joint-level deformation, and the dominant dissipative
behavior occurring during the early impact phase. The same equivalent stiffness and damping
parameters were used in both the analytical formulation and the MSC Adams model.

Force and moment equilibrium equations are systematically formulated for each member of the
landing gear mechanism based on the Newton-Euler approach. The corresponding free-body diagrams
shown in Figures 2-4 illustrate the external loads, internal reaction forces, and moment equilibrium
acting on each rigid limb during the initial touchdown phase.

The equivalent touchdown force is expressed as

Foq = keqO + Ceq, (3)

where kegis the equivalent stiffness coefficient, cqqis the equivalent damping coefficient, §is the

relative displacement at the equivalent load application point, and & is the corresponding relative
velocity.

The equivalent deformation is defined a

8 = zy — 2w, (4)

and its time derivative is

6= Zy, (5)

where zy, denotes the vertical displacement of the axle reference point and zy, , is its initial
position at the beginning of the touchdown event.

To prevent the equivalent element from generating a tensile force during unloading, the applied
force was constrained as

F.q = max [0, keqd + ceq8]. (6)

For each rigid limb L;, the translational and rotational equations of motion are written according
to the Newton-Euler formulation as

YFy =miagy, (7)
YFiz = Mgz, (8)
Mg, = Ig,6;, 9)

wherem;, I, ag,y, ag,z, and g; are the mass, mass moment of inertia, translational accelerations,
and angular acceleration of limb L;, respectively.

Fizy

Fsazz
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(b)
Figure 2. Free body diagram representations of a) L, and b) Lz links
For limb L,

Fiay + Fay = myag,y,
Fia7 + F37 + Myg = myag,z,
(1'12/62 X F12)X + (1'32/62 X F32)X + My, = I, 0,.

For limb L,
—F3ay + Fezy = M3ag,y,
—F337 + Fe3z + m3g = mzag,z,
(1'32/63 X (—F32))X + (1'63/(;3 X F63)X = Ig,0s.

F-{Sy

F45)—'

(b)

Figure 3. Free body diagram representations of a) L4 and b) Ls links

(10)
(11)
(12)

(13)
(14)
(15)
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For limb L,,

Fa4y + Fsay = myuag,y,
F347 + Fs4z + myg = myag,z,

(1'34/64 X F34)X + (1'54/64 X F54)X = Ic4é4-

For limb L,

—Fs4y + Fesy = Msag,y,
—Fsyz + Fesz + Msg = Msag 7,

(1'54/(;5 X (—F54))X + (r65/65 X Fes)X = Icsés-

By

Fs

Figure 4. Free body diagram representation of Le link

(16)
(17)
(18)

(19)
(20)
(21)

For the primary member Lg, the internal joint reactions, the upper attachment reaction, the

external touchdown force, and the equivalent spring-damper force are included as

Fiey — Feay — Fesy + Fexty = MeQg,y,
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Fiez = Fo3z — Fesz — Feq + Fextz + Meg = Meag,z,

where the negative sign of F,qresults from the downward-positive Z-axis definition.

The rotational equilibrium of Ly about its mass center is

(22)
(23)
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(Ti6/6, X F16)X + (Te3/6, X (_F63))X
0
+(res/6, X (—Fas))x + (l'eq/c;6 X [_peq]) (24)
X

+Mi6 — Mprake = Icéés-

The joint forces satisfy Newton’s third law:

Fy3 = —F3;, (25)

F36 = —Fe3, (26)

Fy5 = —Fsy, (27)

F56 = —Fes. (28)
The dynamic equations of all members can be assembled in matrix form as

M(q)4q + C(q.q) + Keq(q —qp) + Ceqq = Qext + Q]’oint' (29)

where M is the mass matrix, C contains the inertia-related velocity terms, K4 and C¢q represent
the equivalent touchdown stiffness and damping contributions, and Qj,jn; contains the internal joint
reactions.

The internal reaction forces were obtained by simultaneously solving the translational and
rotational equations together with the kinematic joint constraints. The peak value of each reaction-
force component was determined from

Fijpeak =  max 1 F;(©) 1, (30)

where t.denotes the initial touchdown time and At represents the transient evaluation interval.

The relative difference between the analytical and MSC Adams results was calculated using

|Fij,analytical_Fij,Adams|
eij = X 100. (3 1)
|Fij,Adams|

The mean relative error was obtained as

e=-Ye. (32)

The analytical and MSC Adams models were defined using identical mass, inertia, geometric,
initial-condition, equivalent stiffness, equivalent damping, and external loading parameters.
Consequently, the transient force attenuation observed in the numerical results originates from the
damping behavior explicitly included in both formulations.

In Table 1, the structural parameters of the landing gear mechanism are provided.
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Table 1. Structural parameters of the landing gear mechanism [24]

Parameter Value Parameter Value

m; 108 kg me 270 kg

12 2220 mm lg 2540 mm

ms 122 kg 0, 2,3 rad

I3 1310 mm 03 2,1 rad

my 32 kg 04 0,7 rad

14 980 mm Os 0,6 rad

ms 30 kg 06 1,6 rad

Is 960 mm Fweight 686,7 kN

Keq 1.5x107 N/m Ceq 4.5x105 Ns/m

3. RESULTS AND DISCUSSION
3.1. Numerical Analysis of the Landing Gear Mechanism

Mechanical systems and virtual experimental environments can be effectively modeled and
analyzed using advanced multibody dynamics software. This approach enables realistic simulation of
complex mechanical assemblies, allowing detailed investigation of dynamic motion and internal force
transmission without reliance on costly physical prototypes or extensive experimental testing. Within
the scope of this study, the landing gear mechanism is developed in the MSC Adams environment,
where comprehensive binding force analyses are performed to characterize load transfer behavior
during landing operation. The geometric configuration of the six-link landing gear mechanism
employed in the simulations is illustrated in Figure 5.

D (Upper Link)

A
]
A .
(Trunnion Link) L)
Gravity
A\ E (Drag Link) A
*

C (Main Link)

B (Lower Link)

Figure 5. Modeling of the landing gear mechanism in MSC Adams using a planar representation
consistent with the right-hand-rule convention.

The limb parameters used in the analytical solution (Table 1) have also been defined in the
mechanism model created with Adams. Regarding the force analysis, the graphical representation of
the forces and moments occurring at each joint in the landing gear mechanism is provided in Figures
6,7,8,9and 10.
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Figure 6. F1s bonding force

Figure 6 illustrates the transient reaction-force histories of the F;¢yand F;4;components during
the initial touchdown stage. Both force components exhibit a rapid impact-induced increase followed
by a progressively damped redistribution behavior. The F;4,component reaches a maximum transient
force level of approximately 2900 kN immediately after touchdown due to the dominant vertical load-
transfer path of the landing gear mechanism, whereas the F;¢sycomponent exhibits comparatively
lower peak values of nearly 1900 kN together with a faster stabilization behavior. Following the initial
impact peak, both force components gradually decrease and converge toward lower transient reaction
levels, indicating the redistribution of touchdown-induced loads among the interconnected linkage
members. The results further demonstrate that different connection points exhibit distinct transient
response characteristics depending on their structural roles and load-transfer functions within the
landing gear assembly.

1000 1750

1500

1250

1000

Fosy [kN]
Fesz [kN]

750

500
200 A

250

04  — o

00 01 02 03 04 0s 06 07 08 0o 01 02 03 0.4 05 06 07 08
Time [s] Time [s]

Figure 7. Fss bonding force

Figure 7 presents the transient reaction-force histories of the Fgsyand Fgszcomponents
associated with the secondary locking-link members during the initial touchdown stage. Compared
with the primary load-carrying members, the Fgsyand Fgszresponses exhibit shorter-duration
transient peaks and more rapid damping characteristics. The Fgs;component reaches a maximum
transient force of approximately 1850 kN, while the Fgz5ycomponent remains at nearly 1050 kN.
Following the initial impact transmission, both force components rapidly decrease toward lower
transient levels, indicating that the locking-link members primarily participate in short-duration
transient load redistribution and temporary impact-force transfer during the early touchdown stage
rather than sustained primary load carrying. The obtained responses further indicate that the
transient behavior of the secondary linkage region is strongly influenced by the local structural
connectivity and the conservative touchdown loading conditions adopted in the present model.
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Figure 8. Fs4 bonding force

Figure 8 presents the transient reaction-force histories of the Fs,yand Fs,zcomponents during
the touchdown event. Unlike the primary load-carrying members, the Fs,yand Fs, responses exhibit
slightly delayed transient peaks, indicating that the corresponding linkage region becomes active after
the initial impact-force transmission through the main structural members. The Fs,;component
reaches a maximum transient force of approximately 1450 kN, whereas the F5,,component remains
below nearly 820 kN. Following the transient peak, both force components rapidly decrease toward
lower reaction levels, indicating that the associated linkage members primarily participate in short-
duration transient load redistribution and temporary force-transfer balancing during the early
touchdown stage rather than sustained primary load carrying.

The elevated transient force levels observed in the secondary linkage members correspond
primarily to short-duration touchdown-induced reaction-force redistribution during the early impact
stage. The reported force components represent global transient reaction-force components obtained
from the adopted planar multibody formulation.
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Figure 9. Fs3 bonding force

Figure 9 illustrates the transient reaction-force histories of the Fy3;yand Fgz3;components
associated with the lateral support region of the landing gear mechanism. Compared with the
secondary linkage members, the Fg3force components exhibit higher transient magnitudes and a
relatively longer redistribution duration, indicating a more significant participation in the touchdown-
induced load-transfer process. The Fg3,component reaches a peak transient force of approximately
2750 kN, while the Fg3ycomponent attains nearly 1950 kN during the early impact stage. In contrast
to the rapidly decaying responses observed in the locking-link members, the Fgzresponses maintain
elevated transient levels for a longer duration, demonstrating the structural contribution of this
connection region to the redistribution and transmission of touchdown-induced forces within the
main load-transfer path of the landing gear assembly.
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Figure 10. F3; bonding force

Figure 10 presents the transient reaction-force histories of the F;,yand F3,;components. The
responses show a slightly delayed activation compared with the main strut and lateral support regions,
indicating that this connection point becomes more effective after the initial impact load has already
started to redistribute through the mechanism. The F;,;component reaches a peak value of
approximately 2100 kN, whereas the F;,ycomponent remains around 1180 kN. The moderate peak
levels and subsequent decay behavior indicate that this member contributes to intermediate load
transfer and force balancing between the primary strut path and secondary linkage members during
the early touchdown phase.

Table 2. Validation of Analytical and ADAMS Results
Force Component Analytical Result (kN) ADAMS Result (kN) Relative Error (%)

Fie6z 2816 2900 2.90
Fiey 1842 1900 3.05
Fesz 1794 1850 3.03
Fesy 1017 1050 3.14
Fs4z 1405 1450 3.10
Fsay 793 820 3.29
Fe3z 2663 2750 3.16
Fesy 1888 1950 3.18
F32z 2033 2100 3.19
Fazy 1143 1180 3.14
Average Error - - 3.12

The validation results obtained using the revised damped analytical formulation are presented
in Table 2. Identical geometric properties, mass and inertia parameters, initial conditions, external
loading, and equivalent stiffness and damping coefficients were employed in the analytical and MSC
Adams models. The relative differences between the peak reaction-force components ranged from
2.90% to 3.29%, with an average relative error of 3.12%. This agreement indicates that the revised
analytical formulation consistently reproduces the transient internal load-transfer behavior predicted
by the damped multibody dynamics model.

3.2. Fatigue and Stress Deformation Analysis of Landing Gear Mechanism

The finite element method is a prevalent and efficient numerical technique for addressing
numerous issues in physics and engineering. The approach depends on modeling intricate structures
through smaller, manageable components. The modeling enables the preemption of parameters such
as durability, safety, fatigue, noise, and vibration associated with the systems, facilitating the
implementation of necessary precautions. The landing gear is a crucial component that supports the
aircraft's weight on the ground and experiences various loads during runway landings. These loads
can be categorized as fatigue and impact loads. These loads induce axial compression and tension in
the landing gear. The deformation analysis of the landing gear was performed utilizing the ANSYS
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Workbench software. In finite element method modeling, the model is segmented into fundamental
elements comprising smaller components. Consequently, the physical domain is initially partitioned
into elements, with the vertices of these elements constituting the point space that represents the
physical domain. The results obtained are the values at these specific points.

Figure 11. Landing gear mechanism mesh view

Figure 11 illustrates the finite element mesh structure of the landing gear assembly used in the
structural analyses. The model was discretized in ANSYS Mechanical using second-order 10-node
tetrahedral elements (SOLID187), which provide improved accuracy for complex geometries and
curved structural regions compared with linear tetrahedral formulations. A refined mesh containing
approximately 1.0 million elements was generated to accurately capture local stress concentrations
and transient load-transfer behavior around the joint regions and geometric transitions. Additional
mesh refinement was applied near the upper link-strut connection, lower support regions, and joint
interfaces where the peak reaction forces obtained from the ADAMS transient simulations were
transferred to the finite element model. A mesh sensitivity assessment was also performed using
multiple mesh densities, and the variation in maximum deformation between the medium and fine
mesh configurations remained below 2%, indicating mesh-independent structural behavior.
Consequently, the adopted mesh density was considered sufficient to provide stable stress
distributions and reliable deformation predictions without noticeable numerical artifacts.

Table 3. Mesh sensitivity study of the landing gear finite element model

Mesh Configuration Number of Elements Maximum Deformation (mm)
Coarse Mesh 462,318 1.934
Medium Mesh 823,547 1.881
Fine Mesh 1,028,864 1.856

A mesh sensitivity assessment was performed to evaluate the influence of mesh density on the
structural response of the landing gear model. Three different mesh configurations, namely coarse,
medium, and fine meshes, were analyzed and the corresponding maximum deformation values were
compared. As shown in Table 3, the variation in maximum deformation between the medium and fine
mesh models remained below 2%, indicating mesh-independent structural behavior. Therefore, the
mesh containing approximately 1.2 million elements was selected for all subsequent deformation,
safety-factor, and fatigue analyses.

Fatigue-life predictions were performed using the nCode DesignLife module integrated within
ANSYS Mechanical. The stress-life (S-N) approach was adopted using the fatigue properties of Ti-6Al-
4V and Al7075-T6 alloys. Representative touchdown loads obtained from the multibody dynamics
simulations were transferred to the finite element model and applied as constant-amplitude loading
conditions. Mean stress effects were accounted for using the Goodman correction model. Fatigue life
was evaluated in terms of the predicted number of cycles to failure based on the equivalent stress
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response of the structure. Since the analysis was based on representative constant-amplitude
touchdown loads rather than a variable-amplitude loading spectrum, cycle-counting procedures were
not required. This methodology enabled the identification of fatigue-critical regions associated with
the dominant load-transfer paths and provided a direct comparison of the fatigue performance of the
titanium and aluminum alloy landing gear configurations.

Table 4. Structural parameters of titanium alloy and aluminum alloy

Material Elasticity Poisson Rate  Tensile Strenght Strenght (MPa)
Compressive Type Modulud (GPa) (MPa)

Titanium Alloy 113 0,34 950 970

(Ti-6Al-4V)

Aluminum 71,7 0,33 572 482

Alloy (AI7075T6)

The material properties employed in the finite element analyses are summarized in Table 4.
Titanium alloy (Ti-6Al1-4V) and aluminum alloy (Al7075-T6) were selected because they are among
the most widely used aerospace structural materials due to their favorable strength-to-weight ratios
and proven performance under demanding operational conditions. The comparison of these two
materials enables evaluation of the influence of material stiffness and strength characteristics on the
deformation behavior, safety factor distribution, and fatigue performance of the landing gear structure
under representative touchdown loading conditions.

For both materials, total deformation, fatigue life, and safety factor analyzes under impact loads
were conducted. The deformation and safety factor results for titanium and aluminum alloys are
shown in Figures 12-15.
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Figure 12. Landing gear total deformation analysis for aluminum alloy material
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Figure 13. Landing gear factor of safety analysis for aluminum alloy material
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Figure 14. Landing gear total deformation analysis for titanium alloy material
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Figure 15. Landing gear factor of safety analysis for titanium alloy material

When a structure is subjected to stress, it deforms, and this deformation varies depending on
the type of load and the direction in which it is applied. In this study, the landing gear is primarily
deformed under the impact of compressive stresses. The total deformation has been expressed as
follows:

AL=Ly—L, (33)

Figures 12-15 present the total deformation and safety factor distributions obtained for the
aluminum and titanium alloy landing gear configurations under the transient touchdown loads
transferred from the ADAMS multibody dynamics model. In both material configurations, the
maximum deformation and minimum safety factor regions are concentrated around the upper link-
strut joint and adjacent linkage interfaces, indicating that these regions constitute the dominant
transient load-transfer path during touchdown.

The aluminium alloy model exhibits larger deformations than the titanium alloy configuration
due to the lower elastic stiffness of the material. On the other hand, the titanium alloy structure exhibits
smaller deformation levels and a more homogeneous structural response under the same loading
conditions. The safety factor distributions also show that the localized critical regions are mainly
located around the joint transitions and connection interfaces where the bending-induced stress
concentrations become dominant. Despite these local concentrations, both material configurations
show safety levels that are structurally acceptable under the investigated transient touchdown
conditions.
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Figure 16. Landing gear fatigue life analysis for aluminum alloy material
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Figure 17. Landing gear fatigue life analysis for titanium alloy material

Figures 16 and 17 show the fatigue life distributions of the aluminum and titanium alloy landing
gear models subjected to the transferred transient touchdown loads. The fatigue-sensitive regions are
mainly concentrated near the upper joint interfaces and load-transfer regions where repeated
transient stress accumulation becomes dominant. The aluminum alloy configuration exhibits
comparatively lower fatigue resistance and reduced fatigue life in localized high-stress regions due to
the lower material strength and stiffness characteristics.

The titanium alloy configuration showed less deformation, higher safety factors and better
fatigue performance than the aluminum alloy configuration but these results should be considered in
the context of practical engineering considerations. Titanium alloys generally have higher mechanical
strength and fatigue resistance, but these benefits come at the expense of higher material and
manufacturing costs. On the other hand, aerospace grade aluminum alloys are still attractive, because
of their lower cost, lower density and ease of manufacturability. Therefore, the selection of material
for landing gear applications should not be made solely on the basis of structural performance metrics,
but should also take into account economic, weight, maintenance and production related factors. The
present comparison is meant to demonstrate the importance of material properties on structural
response rather than to define a globally better material for all landing gear applications.

4. CONCLUSION

Aircraft landing is a highly transient dynamic event where large reaction forces are generated
at the landing gear-runway interface and redistributed through interconnected structural members.
In this paper, the force transmission characteristics of a six-link passenger-aircraft rear landing gear
mechanism are studied by means of a physics-based multibody dynamics model built in MSC Adams
and supported by finite element analyses.

The forces’ histories revealed a clear hierarchical structure for load transfer in the landing gear
mechanism. The main load carrying components during touchdown were found to be the primary strut
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and the lateral support members, whereas the locking links were found to be mainly redistributing
transient loads and for structural stabilization. The amended force-time responses exhibited large
transient peaks immediately after touchdown and then rapid load redistribution in the mechanism.
Furthermore, an equivalent linear spring-damper formulation representing the dominant compliance
and energy dissipation during the initial touchdown phase was consistently incorporated into both the
analytical and MSC Adams models, resulting in physically representative transient force responses.

The transient loads obtained from the multibody dynamics model were then transferred to a
finite element framework for structural analysis. Deformation, safety-factor and fatigue-life analyses
consistently identified the upper link-strut interfaces, joint regions and the geometric transition zones
as the most critical structural locations. The aluminum alloy configuration experienced a maximum
deformation on the order of 3.26 mm under the same loading conditions. The titanium alloy
configuration resulted in lower deformation and better safety-factor and fatigue-life properties. While
titanium had superior structural performance, the actual material selection had to take into account
manufacturing costs, weight, maintainability, and production requirements.

The reliability of the developed methodology was verified by comparing selected reaction-force
components obtained from the revised analytical formulation with the corresponding results obtained
from MSC Adams simulations.The comparison revealed a good agreement between the analytical and
numerical methods, with an average relative error of about 3.12%. This agreement confirms the ability
of the proposed framework to represent the load-transfer behavior at touchdown with an acceptable
accuracy.

Overall, the presented study provides a physically interpretable assessment of transient load-
transfer mechanisms and their structural implications in multi-link passenger-aircraft landing gear
systems. It should be noted that the present investigation was based on a simplified planar multibody
representation and representative touchdown loading conditions. Therefore, three-dimensional
structural flexibility, detailed tire-runway interaction effects, advanced shock-absorber fluid
dynamics, and variable-amplitude operational loading spectra were not considered within the scope
of the study. Future research may focus on fully coupled flexible multibody formulations, more realistic
landing scenarios, experimental validation studies, and comprehensive durability assessments under
operational loading conditions.
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