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Abstract 

More than half of aircraft accidents occur during takeoff and landing phases, underscoring the critical 
importance of the landing gear as a load-bearing component. Despite the widespread use of leaf-spring landing 
gears in light aircraft due to their simplicity and reliability, challenges persist in handling the dynamic loads 
during landing, which significantly affect gear performance. Traditional design practices often simplify these 
dynamic conditions into static problems, potentially compromising the design's effectiveness under extreme 
conditions. This study presents an advanced methodology for the design and development of landing gear 
using a dynamic model approach from the preliminary stages. Utilizing the finite element software Abaqus, the 
research developed a parametric model of the landing gear, incorporating a rigid-flexible coupling analyzed 
through explicit dynamics to simulate landing impacts. Secondary development via Python scripts enhanced 
the post-processing capabilities, allowing for detailed data analysis. Integration with Isight software facilitated 
multi-objective optimization, leading to improvements in buffer efficiency, reduced structural weight, and 
minimized design and testing costs. This integrative approach exemplifies how advanced modeling and 
simulation can streamline landing gear development, ensuring safer and more efficient aircraft operations. 

Keywords: Landing gear; Finite element analysis (FEA); Dynamic simulation; Multi-objective optimization.  

1. Introduction 
Over 50% of aircraft accidents occur during the takeoff and landing phases [1]. The landing gear, 
being an essential load-bearing component during these stages, plays a pivotal role in the safety and 
performance of the aircraft. Leaf-spring landing gears are extensively used in small and light aircraft 
owing to their simplicity, reliability, and ease of maintenance [2]. 

Compared to the static loads experienced while the aircraft is parked, the dynamic loads encountered 
during landing exert a more substantial impact on the performance of the landing gear and its 
associated components. Consequently, these dynamic loads are a critical factor in the strength 
verification process of the landing gear [3]. However, in the design process of fixed landing gear, 
engineers often rely on experience to simplify the load conditions during landing and braking, 
transforming complex multibody dynamics problems into static problems [4]. This simplification can 
lead to excessive design margins, thereby reducing the rationality of the design. Additionally, this 
approach may overlook the potential negative impacts of complex loads under extreme conditions on 
structural strength, buffer performance, and the stability and durability of the system.
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The design and development of landing gear is a repetitive, iterative process that aims to achieve an 
optimal balance among strength, stiffness, and weight [5]. Consequently, the design and production 
cycle for landing gear is lengthy, prototype testing is costly, and drop tests pose significant risks [6]. 
Establishing a dynamic model for leaf spring landing gear at the preliminary design stage and 
developing a scientifically sound multi-objective optimization method are therefore crucial. This 
approach not only substitutes for initial drop tests but also provides technical guidance for subsequent 
experiments, effectively shortening the design cycle, enhancing design efficiency, reducing costs, 
and maximizing the rationality of the design. 

In 2015, Krason and Malachowski used LS-DYNA to conduct both static and dynamic analyses of a 
flexible three-dimensional model of landing gear components. This analysis considered the 
interactions between oil, gas, the internal structure of the landing gear, and the contact issues 
between flexible wheels and the ground, thereby validating the effectiveness of the finite element 
model [7]. In 2018, Zhang B and colleagues utilized the simulation software ANSYS CFX for the 
numerical simulation of a landing device for an unmanned underwater glider, aiming to explore 
potential enhancements in optimization goals through the response surface methodology and particle 
swarm optimization [8]. In 2020, Srivathsa and Adarsha developed a two-degree-of-freedom 
mathematical model of the main landing gear, which absorbed the majority of the impact loads. They 
derived dynamic equations based on this model to analyze the landing dynamics of the main landing 
gear system [9]. Jianmin Lu conducted a dynamic analysis of the landing gear using ANSYS, 
investigating the mechanical characteristics of the landing gear's shock absorber under various 
compression strokes and landing deflection angles through a single-factor method [10]. In 2021, 
Pirooz and Mirmahdi proposed a novel method to control the dynamic response of the landing gear 
during heavy landings or taxiing [11]. Sonowal and Pandey performed a finite element analysis on 
the landing gear damping model of the large commercial jet Boeing 787-8, thereby validating the 
mechanical performance of the landing gear constructed from high-strength stainless steel [12]. 

The research content mentioned above primarily focuses on oil-gas type landing gear, with very 
limited studies and optimization efforts directed towards spring-type landing gear. 

This study uses the conceptual design model of a multi-purpose general aviation aircraft's landing 
gear as an example. It simplifies the landing gear and related airframe structures reasonably, 
ensuring they accurately reflect the structural force transmission characteristics and geometric 
features. Using the Part module in the finite element analysis software Abaqus, a parametric model 
of the landing gear was designed. A rigid-flexible coupling relationship was then established through 
the Interaction module. Subsequently, an explicit dynamics analysis step was employed to simulate 
the landing impact scenario of the landing gear, from which data on buffering characteristics and 
structural strength were obtained. Furthermore, secondary development of the post-processing 
module in Abaqus was performed using Python scripts, which enabled the extraction, processing, 
and analysis of extensive simulation data. Finally, the simulation optimization software Isight 
integrated Abaqus, the Python scripts, and the batch scripts driving the Python scripts, achieving a 
coupled simulation. This process facilitated the parametric optimization and automated iteration of 
the leaf-spring landing gear, not only significantly enhancing the buffering efficiency and reducing the 
structural weight but also shortening the design cycle and lowering experimental costs. 

2. Aircraft Basic Parameters 
This type of general aviation aircraft has a maximum takeoff weight WTO = 1180 kg and is designed 
for a maximum sink speed of 8.7 ft/s, equivalent to Vsink = 2.65 m/s. 
The overall design geometric parameters of the landing gear are as follows: main wheel base is 2470 
mm, the distance from front wheel to the main wheels F = 2190 mm, and the center of gravity height 
HCG = 1310 mm, with an tipback angle β = 15°. 
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Figure 1 – Engineering drawing: (a) aircraft and (b) landing gear. 

3. Landing Gear Shock Absorption Theoretical Analysis 
The landing gear's shock-absorbing buffer system is utilized during landings and while maneuvering 
on uneven runways to absorb and dissipate shock energy, thus bearing the loads applied to the gear. 
The impact energy A during landing is dependent on the aircraft’s landing weight WL and the vertical 
sink speed Vsink. It will be absorbed by the buffer system in the form of deformation energy Adef. For 
general aircraft, Vsink is 3.0 m/s to 4.0 m/s. For each group of nose and main landing gear buffer 
system, should absorb the energy: 

 21

2def L sinkA W V  (1) 

After the aircraft touches down, the force exerted by the runway surface on the tires ∑Pk during a 
downward displacement of the center of gravity HCG determines the value of Adef, expressed as: 

0
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Where P is the average value of ∑Pk, which is the load acting on the aircraft wheel when the aircraft 
center of gravity shifts from 0 to HCG: 

 21 
 

2CG L sinkPH W V  (3) 

It can be seen that the greater the displacement of the aircraft’s center of gravity HCG during landing, 
the smaller the load exerted on the landing gear structure. 

In the analysis of landing gear shock absorption, the maximum landing weight required is determined 
in accordance with the Federal Aviation Regulations Part 23. The regulation stipulates that the design 
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landing weight can be as low as 95 percent of the maximum weight, expressed as: 

95% 1120land TOM W kg    (4) 

The overload of the landing gear is defined as the ratio of the maximum vertical load experienced by 
the landing gear upon ground contact to its static load. This can be expressed as: 

maxP
n

G
  (5) 

In the equation: 

n is the landing gear overload factor. 

Pmax is the maximum vertical load. 

G is the static load experienced by the landing gear when the aircraft is stationary on the tarmac. 

The energy absorbed by the landing gear, denoted as W1, is calculated as the integral of the ground 
reaction force over the compression stroke of the landing gear. This represents the work done by the 
vertical ground load Pv, indicating the energy absorbed by the landing gear in the vertical direction. It 
is defined as follows: 

1 0

s

vW P ds   (6) 

The buffer efficiency of the landing gear can be defined as the ratio of the absorbed energy W1 to the 
product of the maximum vertical load Pmax and the maximum compression stroke. This ratio reflects 
the capability of the landing gear to absorb shock energy, and is expressed as follows: 

1

max max

W

P S
   (7) 

In the equation: 

η represents the buffer efficiency of the landing gear. 

Smax is the maximum compression stroke of the landing gear. 

4. Preprocessing for FEA 

4.1 Parametric Modeling of Landing Gear 
The main landing gear of this type of aircraft consists of left and right leaf spring assemblies, 
symmetrically arranged about the aircraft's plane of symmetry. This paper focuses on modeling and 
analysis of the left-side leaf spring assembly. 
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Figure 2 – Diagram of the parametric modeling of landing gear. 
This paper involves the design of a parametric model. By establishing reasonable sketch constraints 
and selecting appropriate geometric feature points, lines, and surfaces as references and geometric 
benchmarks for the sketches, automatic iteration and rapid regeneration of specific dimensions of 
the leaf spring were achieved. This design cleverly addresses the limitations of the Abaqus assembly 
module in constraint command options, thereby not only standardizing and automating the entire 
model construction process but also enhancing the efficiency and accuracy of modeling. Moreover, 
it lays the foundation for the integration of numerical optimization algorithms and the automatic 
adjustment of parameters. 

Fixed parameters in the parametric model include: the height of the aircraft's center of gravity, the 
distance between the front and main wheels, tire camber angle, the relative position between the tire 
model and the outer mounting surface of the lower leaf spring, the shape of the lower leaf spring, and 
the shape of the connection joints between the landing gear and the airframe (i.e., the shape of the 
upper leaf spring). Under these conditions, the design variables are as shown in the Table 1 below. 

Table 1 – Design Variables Table. 
Name Symbol Current Value Unit 

Upper Arc Radius R_Upr 203.20 mm 

Lower Arc Radius R_Lwr 63.50 mm 

Lateral Extension of Lower Leaf Spring B_Half 1192.83 mm 

Upper Leaf Spring Installation Angle Deg_Upr 110.00 ° 

The parameters mentioned above are based on mainstream engineering empirical methods [13]. 
During the design process, the impact resistance of the landing gear and the strength of the wheel 
loads are primarily estimated based on the results of static analysis. This approach ensures that the 
structural integrity and functionality of the landing gear are adequate for operational demands. 

The aircraft tire model is constructed based on the outer mounting surface of the lower leaf spring 
and uses two geometric features of the leaf spring as reference points in the sketch. Therefore, when 
the design variables are modified, the tire will only shift in its lateral position, while its ground 
clearance remains unchanged. This ensures that the tire's position relative to the ground remains 
consistent during operation, irrespective of changes to other design parameters. 

4.2 Material Properties 
The material used for the landing gear leaf springs is modified 6150 chrome vanadium steel, which has 
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undergone specific heat treatment. The material properties are detailed in Table 2. 

Table 2 – Material properties of 6150 chrome vanadium steel. 

Material Properties Value Unit Material Properties Value Unit 

Elasticity Modulus 190 GPa Poisson's Ratio 0.29  

Tensile Strength 1.76 GPa Density 7800 kg/m3 

Yield Strength 1.62 GPa    

To simplify the finite element analysis, the ground model is set as an analytical rigid body. This 
configuration allows for the output of reaction force data at the reference node of the rigid ground, 
which represents the wheel load data. 

The mass of the landing gear model was measured in Abaqus as Mmodel = 0.0280 t, with the mass of 
the leaf spring being Mleaf = 0.0174 t (units consistent with those used in Abaqus). 

4.3 Mesh Generation 
The finite element model of the landing gear underwent mesh generation. The global element size 
(Seed Part Instance) was set to 6.1 mm to ensure that at least three elements were included in the 
thickness direction of the leaf spring. In the regions where the landing gear connects to the aircraft 
fuselage structure, swept meshing was employed to avoid excessively large aspect ratios. A detailed 
geometric subdivision was performed for the tire model, achieving a fully structured mesh. Seed 
edges were individually set for the edges of the tire contact zone, with an edge mesh size of 10 mm. 
The entire model comprised 72380 nodes and 64106 elements, discretized using linear hexahedral 
elements of type C3D8R. 

4.4 Deformability of Aircraft Tire 
In dynamic simulations, contact between rigid tires and a rigid ground often leads to computed wheel 
load values significantly higher than actual values. This can also result in repeated oscillations 
between the tire and the ground, leading to discontinuities in the wheel load curve. Therefore, it is 
important to consider the elastic properties of the tire and model it as a deformable body in the 
simulation. To simplify the calculation process, this study employed a linear model to describe the 
behavior of the aviation tire. 

This study referenced tire parameters from a single-engine, four-seat general aviation aircraft with a 
maximum takeoff weight of 1080 kg and a tricycle landing gear configuration. According to 
international standards for low-pressure aviation tires, the deflection rate typically falls between 31% 
and 36%, resulting in a calculated deflection of 42.5 mm [14]. In preliminary explicit dynamic 
simulations, the wheel load was found to be 16.75 kN, as reflected in the data output of the preliminary 
simulations. To achieve a deflection of 42.5 mm in the tire finite element model, a trial-and-error 
method was employed to adjust the elastic modulus of both the tire contact area and transition area. 
This adjustment was made to ensure consistency with the wheel load determined from the preliminary 
simulations. 
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Figure 3 – Deformability of aircraft tire: (a) tire region segmentation; (b) deformation and (c) reaction 
force distribution plot. 

4.5 Interaction Definition 
The leaf spring does not possess energy-dissipating capacity. Therefore, in aircraft equipped with 
leaf spring landing gear, the dissipation of landing kinetic energy primarily relies on the friction 
between the tires and the ground. In this study, a friction coefficient of 0.5 was set [15]. 

A reference point was created at the center of gravity position, named RP-CG. Geometric 
subdivisions were applied to the upper leaf spring, delineating the areas connected to the aircraft 
fuselage structure. A kinematic coupling was employed between these areas and RP-CG to simulate 
the effect of the landing gear connected to the fuselage structure via bolts. Additionally, kinematic 
couplings were also applied to the coupling zones on both sides of the tire and the outer mounting 
surface of the lower leaf spring. 

The results of mesh generation and interaction processing are shown in Figure 4. 

 

Figure 4 – Mesh and interactions 

5. Static Analysis 

5.1 FEA Analysis Steps 
To ensure effective convergence in contact calculations, the ground was lifted by 0.5 mm to achieve 
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contact with the tires in Step-1 by modifying the boundary conditions. Subsequently, in Step-2, the 
ground was fixed in place, and a vertical downward load was applied to the reference point RP-CG. 

5.2 Static Loads Calculation 
Based on the aircraft's basic parameters and landing gear configuration, the static load during parking 
is calculated as G = WT × (F - M) / (2F) = 495 kg, equivalent to 4855.21 N. 

5.3 Analysis Results 
The finite element analysis results are shown in Figure 5 and Figure 6. 

 

Figure 5 – Static analysis result: (a) stress distribution and (b) deformation. 

 

Figure 6 – Static analysis result: (a) deformation in front view and (b) load-deflection curve. 
Under the full load condition of 1180 kg during parking, the maximum stress in the structure is 245.60 
MPa, meeting the strength requirements of the metallic material. The maximum stress is located at 
the connection between the landing gear and the fuselage, which is in accordance with engineering 
practice. The maximum deflection is 47.8 mm, and the maximum extension (lateral displacement) is 
54.7 mm. At this point, the main wheel attitude is favorable, complying with relevant specifications for 
landing gear structural design [4]. 

5.4 Summary 
This chapter has preliminarily validated the correctness of the kinematic coupling and contact settings 
in the Interaction module through static analysis. The initial stress levels are relatively low, 
demonstrating the rationality of the selected material properties and boundary condition settings. This 
provides a reliable basis for the subsequent dynamic simulations. 
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6. Dynamic Analysis 

6.1 FEA Analysis Steps 
Analysis Step: An explicit dynamic analysis step was created to simulate the dynamic behavior of the 
landing gear under the maximum landing weight and symmetric landing conditions of the aircraft. Due 
to the bending of the landing gear leaf spring structure with increasing load, resulting in a decrease in 
the moment arm and entering a nonlinear state, the geometric nonlinearity option (Nlgeom On) was 
enabled in Abaqus. 
Time Period: During the landing impact process of the leaf spring landing gear, multiple cycles of 
compression and rebound occur, stabilizing after several repetitions. Moreover, the maximum 
compression occurs during the initial landing impact, and the most severe landing overload also occurs 
at this time [16]. Therefore, this study primarily analyzes the first landing impact process. 

6.2 FEA Model Setup 
Interaction, geometric models, mesh generation, and material properties are consistent with the static 
analysis. 

6.3 Dynamic Loads and Boundary Conditions 
Aircraft Mass: RP-CG was set as an inertia mass point, with a value of half of the maximum landing 
weight minus the landing gear model mass, i.e., Minertia = 1/2 × ML - Mmodel = 532.19 kg. 
Lift and Gravity Acceleration: Vertical lift is applied at RP-CG, with a value of 2/3 of the maximum 
landing weight [13]. Gravity is applied at 9.8 m/s2, providing the landing gear and mass point with a 
vertical velocity of 2.65 m/s to simulate their collision with the ground. 

6.4 Analysis Results 
The output results of the explicit dynamic analysis are shown in the following figures. 

 

Figure 7 – Dynamic analysis result: (a) stress distribution and (b) deformation. 
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Figure 8 – Deformation in front view. 
The buffer characteristic curve is shown in Figure 9. 

 

Figure 9 – Buffer characteristic curve: (a) tire vertical force-time curve; (b) deflection-time curve; 

(c) sink speed-time curve and (d) tire vertical force-deflection curve. 
Under the landing impact condition, the buffer characteristic curve conforms to the practical 
engineering trend. The maximum stress in the structure is 1186.70 MPa, meeting the strength 
requirements of the metal. The location of the maximum stress is consistent with the parking condition, 
located at the connection between the landing gear and the fuselage. The maximum vertical wheel 
load Pmax = RF2_max = 16505.80 N, corresponding to the maximum landing overload n = 3.40, and 
the landing gear efficiency η = 0.40. 
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The phenomenon of severe fluctuations in wheel loads curves over a short period of time can be 
attributed to several factors: (1) Low stiffness of the leaf spring and the substantial weight of the tire 
result in larger deformation and oscillation at the ends under the action of inertial forces, leading to 
more significant deformation and oscillation. (2) The dynamic loading during landing is a complex 
multi-degree-of-freedom system problem. The aircraft's longitudinal, lateral, and vertical motions 
impose forces and moments on the landing gear in different directions. The superposition of these 
forces and moments generates complex oscillation modes. (3) The nonlinear behavior of the leaf 
spring under large deformation is another significant factor causing oscillations. Both geometric and 
material nonlinearity make oscillations more complex and intense, especially under extreme conditions, 
where nonlinear effects significantly influence the amplitude and frequency of oscillations. (4) 
Inaccurate material models contribute to the oscillations. The inherent damping properties of tire 
materials affect the rate of vibration attenuation. Insufficient damping leads to prolonged oscillations. 

6.5 Hourglass Energy Check 
Energy output is an important part of an ABAQUS/ Explicit analysis. Comparisons between various 
energy components can be used to evaluate whether an analysis is yielding an appropriate response. 
Large values of artificial strain energy indicate that significant elemental distortions (i.e. defined as 
hourglassing phenomena in finite element analysis) have occurred and a mesh refinement is 
necessary to be done. We can diagnose hourglassing through optical inspection of the mesh 
deformation, adjusting its scale factor as needed. However, the most reliable method is to directly 
compare the energy contained in the zero energy modes (hourglass energy) with the internal energy 
of the system. In the finite element analysis, the artificial strain energy for the whole model (ALLAE) 
includes energy stored in hourglass resistances, transverse shear in shell and beam elements. It is 
generally recommended that the artificial strain energy should be less than 10% of its internal energy 
for the whole model (ALLIE) [17]. 
This comparison is achieved by plotting the energies from historical data. 

9 

Figure 10 – Hourglass energy check. 
As shown in Figure 10, during the early stages of the landing impact process, the ratio reaches a 
maximum value of 16.57%. However, at this point, the tire has not fully contacted the ground, and the 
model has not undergone significant deformation. Therefore, the transient value at this stage is a result 
of dividing one number by another very small number and cannot serve as a basis for judging the 
occurrence of hourglassing phenomena. 
After this stage, the ratio of ALLAE to ALLIE remains well below 5% at all times, indicating that the 
hourglass mode has a minimal effect on the computed results of this study, thus validating the 
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rationality and accuracy of the simulation model. 
After 0.3 seconds, the external forces acting on the tire will gradually diminish, and the strain energy 
will be released as work, causing the deformable bodies to return to their original state, rendering the 
ratio irrelevant for reference. 

6.6 Summary 
In this chapter, explicit dynamic analysis was conducted to obtain the buffer characteristic curves of 
the leaf spring landing gear. The reliability and accuracy of the dynamic simulation model were 
ensured through hourglass energy check. This preparation lays the groundwork for the subsequent 
multi-objective optimization using the validated dynamic simulation model. 

7. Multi-Objective Optimization Based on Isight 
In this study, secondary development of the post-processing module in Abaqus was conducted 
through using Python scripts. Batch processing commands (.bat files) were utilized to drive the 
execution of Python scripts, enabling automatic extraction, processing, and analysis of dynamic 
simulation data. 

7.1 Python Code Development 
Specifically, Python code was employed to extract all reaction force (tire vertical force) data RF2 and 
vertical displacement (landing gear compression stroke) data U2 from the analysis step until the 
maximum reaction force value RF2_max in the entire data sequence was obtained. The corresponding 
displacement data was ensured to match the same number of data points as the reaction force data. 
Then negated once to ensure all displacement data were positive. The extracted data was then 
integrated using Simpson's rule to obtain the integral value W1. The landing gear buffer efficiency η 
was calculated as: 

1W

RF2_max U2_max
 


 (8) 

Finally, the buffer efficiency was outputted as a .txt document named 'Efficiency.txt', containing the 
efficiency value and all RF2 and U2 data involved in the integration calculation. 
The method for calculating buffer efficiency is based on Simpson's rule, which approximates integrals 
using quadratic curves instead of rectangular or trapezoidal integration formulas, resulting in higher 
approximation accuracy. Simpson's rule is relatively simple and practical in engineering calculations 
[18]. 

7.2 Isight-Driven Integrated Simulation and Optimization 
Lastly, the simulation optimization software Isight was integrated with Abaqus, Python scripting 
programs, and batch processing commands to achieve joint simulation–optimization. 

 

Figure 11 – Isight simulation–optimization workflow diagram. 
Isight is a generic software framework for integration, automation, and optimization of design 
processes that has been developed on the foundation of interdigitation: the strategy of combining 
multiple optimization algorithms to exploit their desirable aspects for solving complex problems. With 
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the recent paradigm shift from traditional optimization to design space exploration for evaluating “what-
if” scenarios and trade-off studies, Isight has grown from an optimization software system to a 
complete design exploration environment, providing a suite of design exploration tools including a 
collection of optimization techniques, design of experiments techniques, approximation methods, and 
probabilistic quality engineering methods. Likewise, the interdigitation design methodology embodied 
in Isight has grown to support the interdigitation of all design exploration tools for effective design 
space exploration [19]. 
Isight has been widely used in the field of mechanical design for its ability to quickly improve product 
performance and effectively reduce design costs [20]. 

7.2.1 Design Variables 
According to Table 1, the selected design variables are parameters R_Upr, R_Lwr, B_Half, Deg_Upr. 

X = [R_Upr, R_Lwr, B_Half, Deg_Upr] (9) 
 

7.2.2 Constraints 
According to the aircraft design manual, the requirement for the roll angle θ of runway aircraft should 
not exceed 63° [21]. Therefore, the range of B_Half is set as follows: 980 ≤ B_Half ≤ 1400. This 
corresponds to a roll angle range of 52° ≤ θ ≤ 60°。 

Other constraints can be expressed as: 

1 2

m s

U X U

 


 
 (10) 

where λ is the safety factor, taken as 1.2 [22]. σm is the maximum stress during the landing gear shock 
absorption process. σs is the allowable stress of the material. U1 and U2 are the upper and lower limits 
of the design variables, determined comprehensively based on aircraft overall design, experience in 
the design of leaf spring landing gear structures, and material physical properties. 

7.2.3 Objective Function 
The objective function aims to minimize the mass of the leaf spring landing gear, maximize the buffer 
efficiency, and minimize the wheel load. 

  
  
  

min m X

max e X

min rf X







 (11) 

7.2.4 Optimization Algorithm 
The Non-Dominated Sorting Genetic Algorithm II (NSGA-II) was employed in Isight for optimizing the 
leaf spring landing gear. 
When there are multiple optimization objectives, due to the conflicts between the optimization 
objectives, sometimes one optimization objective is improved, while simultaneously another 
optimization objective is deteriorated. It is difficult to find a solution that furnishes all the objective 
functions optimal at the same time. Therefore, it is used to optimize the multi-objective problem by 
Non-Dominated Sorting Genetic Algorithm II [23,24]. For multi-objective optimization problems, there 
is usually a set of solutions that cannot be compared between them with respect to the overall objective 
function. It is characterized by the fact that it is impossible to improve any objective function without 
weakening at least one other objective function. 
The approach to integrated simulation optimization is depicted in the following diagram. 
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Figure 12 – Integrated simulation optimization workflow diagram. 

7.3 Optimization History Analysis 
The response of the mass of the leaf spring landing gear (Mass) to the number of iterations during the 
optimization process is illustrated in Figure 13. 

 

Figure 13 – Landing gear mass optimization history. 
Figure 14 displays the response of the efficiency (Efficiency) of the leaf spring landing gear buffer over 
the number of iterations during optimization. 
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Figure 14 – Landing gear buffer efficiency optimization history. 
The variation of the maximum reaction force (RF2_max), representing the wheel load during the 
landing impact process of the leaf spring landing gear, with the number of iterations, is depicted in 
Figure 15. 

 

Figure 15 – Maximum tire vertical force optimization history. 
Figure 16 demonstrates the response of the maximum equivalent stress (Mises_max) of the leaf spring 
landing gear to the number of iterations during optimization. 
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Figure 16 – Response of maximum von mises stress to iteration count. 
The black points in Figure 13-16 represent the normal feasible points. Light red represents an 
infeasible design point, which indicates the actual values that do not satisfy the defined constraints for 
any parameter. The green point represents the best design point, which is based on the calculated 
objective. This point is always a feasible point (i.e., no violated constraints). Blue represents a Pareto 
point. When multiple objectives are defined in the problem formulation, there is no single “best point” 
but instead a set of points (called the Pareto set) from which tradeoffs can be made. For any one of 
these points, no improvement can be made in one objective without giving something up in another. 
A green point is actually also a Pareto point, but it is the one with the best calculated weighted sum 
objective and penalty value among all of the Pareto points. 
The optimization history plots demonstrate a clear convergence trend of the optimization objectives 
with an increasing number of iterations during this optimization process. Eventually, they stabilize 
within a consistent range. This indicates that the adopted optimization algorithm effectively guides the 
objective function to gradually approach a stable solution, proving the effectiveness and convergence 
performance of the algorithm under the current parameter settings. 
The Pareto frontier solutions obtained at the end of the optimization process are depicted in Figure 17. 
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Figure 17 – Pareto frontier solutions. 
The 3D scatter plots illustrating the design points relative to the mass of the leaf spring landing gear 
are shown in Figure 18. 

 

Figure 18 – 3D scatter plot of design points vs. Mass. 
Similarly, Figure 19 presents the 3D scatter plots depicting the design points relative to the efficiency 
of the leaf spring landing gear buffer. 
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Figure 19 – 3D scatter plot of design points vs. Efficiency. 
Furthermore, Figure 20 displays the 3D scatter plots illustrating the design points relative to the 
maximum reaction force (RF2_max) experienced during the landing impact process of the leaf spring 
landing gear. 

 

Figure 20 – 3D scatter plot of design points vs. RF2_max. 
From Figure 18, Figure 19 and Figure 20, it is evident that the NSGA-II produces numerous design 
points. Although this may lead to longer computation times, it ensures coverage of the entire design 
space, making it less prone to local optima. This demonstrates the reliability and effectiveness of the 
computational results. 
A correlation table is a patch chart that uses color to represent the correlation value between selected 
output parameters and selected input parameters. It provides a quick look at the most 
influential/influenced parameters from the selected parameters. 
The following rank correlation table shows the relationship between the output parameters –maximum 
von Mises (Mises_max), Mass, RF2_max, and Efficiency – and the input parameters, namely B_Half, 
Deg_Upr, R_Lwr, and R_Upr. 
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Figure 21 – Correlation table. 
The correlation table uses shades of blue, green, yellow, and red to indicate the relationship between 
parameters. The greater the absolute value of a correlation coefficient, the stronger the relationship is 
between the parameters. The strongest relationship is indicated by a correlation coefficient of -1 or 1, 
and the patch is shaded dark blue (-1), dark red (1) red. The weakest relationship is indicated by a 
correlation coefficient of 0, and the patch is shaded green. Coefficient values between 0 and -1 or 1 
are shaded a continuum of blue to green to yellow to red. 
In the correlation analysis of the Dynamics Model in Isight using the NSGA-II, key insights can be 
drawn from the influence of specific design parameters. The B_Half shows the most substantial effects, 
with a strong negative correlation in Efficiency (-0.39) and an even stronger negative impact on 
historical maximum RF2 RF2_max (-0.90), while positively influencing Mass (0.86) and maximum von 
Mises stress Mises_max (0.91). Conversely, the R_Upr generally improves Efficiency (0.11) and 
exhibits a positive effect on RF2_max (0.27), but reduces both Mass (-0.21) and Mises_max (-0.24). 
The Deg_Upr and R_Lwr show more mixed effects, with Deg_Upr reducing Mass significantly (-0.41) 
and R_Lwr showing a mild improvement in Efficiency (0.11) and a reduction in Mises_max (-0.22). 
The analysis provides insights into how changes in specific design parameters influence the efficiency, 
mass, and stress characteristics. The B_Half particularly stands out due to its strong influence on 
structural stress, leaf spring mass, wheel load and buffer efficiency, and should therefore be prioritized 
during design. Additionally, an increase in Deg_Upr effectively reduces the mass of the leaf spring. 
However, it also compromises buffer efficiency, which requires a careful evaluation of trade-offs during 
design considerations. This data is crucial for decision-making in further design optimizations and 
adjustments. 

7.4 Optimization Results 
In the Pareto solution set, four Pareto points were selected based on distinct criteria: high buffer 
efficiency, low landing gear mass, high maximum von Mises stress, and low maximum wheel load. 
These points were named Iteration 19, Iteration 144, Iteration 227, and Iteration 231, according to their 
respective iteration numbers. Finite element models of the landing gear were reconstructed for each 
set of design parameters, and dynamic simulation analyses were performed. The resulting buffer 
characteristic comparison curves are shown in the following figures. 
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Figure 22 – Comparison of tire vertical force-time curves. 



DYNAMIC DROP SIMULATION OF THE MAIN LANDING GEAR OF A GENERAL AVIATION AIRCRAFT 

21 

 

 

 

Figure 23 – Comparison of deflection-time curves. 

 

Figure 24 – Comparison of sink speed-time curves. 
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Figure 25 – Comparison of tire vertical force-deflection curves. 
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Figure 26 – Contour plots of maximum von Mises stress (left) and maximum deflection (right). 
In addition to the mentioned data, the buffer efficiency for Iteration 19, Iteration 144, Iteration 227, and 
Iteration 231 are 0.55, 0.53, 0.54, and 0.47, respectively, all showing significant improvements. The 
weight of the leaf spring structure is 0.0184 t, 0.0177 t, 0.0180 t, and 0.0178 t, respectively, showing 
varying degrees of increase. 
From the above analysis, it can be seen that the four Pareto frontier solutions in the case led to a 
partial increase in weight, with specific increases ranging from 0.0003 t to 0.0010 t, corresponding to 
increases of 1.72% to 5.75%. However, at the same time, the buffer efficiency of the landing gear has 
been significantly improved, with increases ranging from 17.50% to 37.50%. Overall, the level of wheel 
load has decreased. The reduction in wheel load reduces the load on the aircraft structure, helping to 
reduce structural stress and facilitating structural strength optimization and weight reduction design, 
further improving the overall life and performance of the landing gear. 
Taking Iteration 144 as an example, the optimization results are summarized in Table 3. 

Table 3 – Optimization results of leaf spring landing gear. 

Variables Initial Value Range Result change 

R_Upr (mm) 203.20 190-220 202.37 \ 
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R_Lwr (mm) 63.50 50-80 67.33 \ 

B_Half (mm) 1192.83 980-1400 1219.12 \ 

Deg_Upr (°) 110.00 100-120 107.48 \ 

Mleaf (t) 0.0174 \ 0.0177 +1.72% 

Efficiency 0.40 \ 0.53 +32.50% 

RF2_max (N) 16505.80 \ 15657.10 -5.14% 

Mises_max (MPa) 1186.70 \ 1204.80 +1.53% 

 

Figure 27 – Comparison of optimization results: iteration 144. 

8. Conclusion 
This study constructed a dynamic simulation model of landing impact process of leaf spring landing 
gear, which showed high reliability and accuracy. It provided reliable guidance for the overall design 
of landing gear and the structural design of buffer mechanisms. 
This study used Python to develop the post-processing module of Abaqus and integrated the explicit 
dynamic simulation process of leaf spring landing gear with Isight for data extraction, analysis, 
calculation, and output, successfully achieving the automation of joint simulation–optimization process. 
The optimization process took 64 hours, with a total of 241 optimization iterations for four optimization 
objectives, producing a total of 240 feasible solutions, accounting for 99.59%. Among them, there are 
46 Pareto frontier solutions, namely 46 sets of design parameters. According to engineering 
experience, design parameters that meet the design requirements can be directly selected from the 
Pareto frontier solution set. 
The optimization performance of NSGA-II is notably pronounced. Using Iteration 144 as an example, 
comparative results demonstrate that, relative to landing gear designed using conventional 
engineering heuristics, the optimized landing gear achieves a significant enhancement in buffer 
efficiency, increasing from 0.40 to 0.53, an improvement of 32.50%, with only a minimal sacrifice in 
leaf spring mass. Moreover, the wheel load RF2_max is reduced from 16505.80 N to 15657.10 N, a 
decrease of 5.14%, while maintaining structural stresses at 1204.80 MPa, which is within permissible 
limits. 
The results of the optimization demonstrate the rationality and effectiveness of the optimization model, 
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providing a reference for the design of this type of landing gear. 
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