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Semi-active dampers reduce the effects of shock vibrations because they can operate at specific 

vibration frequencies at a lower cost than more complex active dampers.  PSMEID is one of the 

alternative methods developed in the semi-active damping system. PSMEID has been 

developed by adapting it by adding a PSMEID active time prediction system when an impact 

occurs. This research attempts to compare two types of PSMEID with active time prediction, 

where the position of each model offered has a different PSMEID mass position when applied 

to the landing gear damper of an Unmanned Aerial Vehicle (UAV). This comparison aims to 

give the user a choice among these optimal models suitable for use in multiple conditions. When 

simulated using the same parameter values, the PSMEID placed on the unsprung mass can 

reduce acceleration amplitude by up to 6.6 percent when the landing gear is dropped at 0.15 

meters from the ground. The model that places the PSMEID on the sprung mass can help reduce 

the velocity amplitude up to 8.8 percent when dropped at a height of 0.05 meters, and the spring 

constant value of the PSMEID (KPS) is 1600 N/m. All these simulations show that the PSMEID 

should be activated just before the landing gear hits the runway surface (TB < TL). 
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INTRODUCTION 

Vibration isolation is critical, particularly in sensitive equipment 

and structure applications. The primary goal of vibration isolation 

is to minimize the transmission of vibrational energy from a 

source to a sensitive receiver, thereby protecting it from potential 

damage or performance degradation. Various techniques have 

been developed to achieve effective vibration isolation, which can 

be broadly categorized into passive, active, and semi-active 

systems. 

 

Passive vibration isolation systems utilize materials and 

structures that dampen vibrations without external control. These 

systems often rely on the properties of materials such as rubber 

or elastomers, which can absorb and dissipate vibrational energy. 

For instance, laminated rubber-steel bearings have been 

employed since the 1960s to protect structures from ground-borne 

vibrations, such as those produced by underground trains [1]. 

Recent studies have demonstrated the effectiveness of passive 

techniques in improving the vibration performance of office 

floors using laminated elastomeric bearings [2]. Additionally, 

quasi-zero-stiffness isolators have been shown to effectively 

isolate low-frequency vibrations, making them suitable for 

applications like vehicle seating [3]. 

 

On the other hand, active vibration isolation systems employ 

sensors and actuators to counteract vibrations actively. These 

systems can adapt to changing conditions and provide superior 

performance, especially in low-frequency ranges where passive 

systems may struggle. For example, a study highlighted the 

development of an active torsional vibration damper for vehicle 

powertrains, which significantly mitigated torsional vibrations 

that arise from modern internal combustion engine technologies 

[4]. Furthermore, active systems have been successfully 

implemented in micro-vibration isolation platforms, which 

effectively utilize external forces to control vibrational energy 

[5]. The integration of advanced control methodologies, such as 

Kalman filtering, has also been explored to enhance the 

performance of active vibration isolation systems [6]. 

 

Semi-active vibration isolation systems represent a hybrid 

approach, combining elements of both passive and active 

systems. These systems adjust their properties in response to 

external stimuli, allowing for improved adaptability and 

performance. Research has shown that semi-active systems, such 

as tunable damping mechanisms, can significantly reduce 

vibrations in vehicle suspension systems [7]. Moreover, using 

harmful stiffness devices in conjunction with enhanced damping 

has been shown to improve the efficacy of vibration isolation 

across a broader frequency range [8]. This adaptability makes 
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semi-active systems appealing for applications requiring robust 

performance under varying operational conditions. 

In conclusion, vibration isolation encompasses various 

techniques with advantages and limitations. Passive systems 

provide a straightforward and reliable solution for many 

applications, while active and semi-active systems offer enhanced 

performance and adaptability. Ongoing research continues to 

refine these technologies, further exploring innovative materials 

and control strategies to improve vibration isolation effectiveness 

across various engineering domains. 

Passive Damper 

The design and implementation of passive dampers for isolating 

shock vibrations in aircraft landing gear systems is a critical area 

of research, particularly regarding enhancing the safety and 

comfort of aircraft operations. While traditionally effective, 

passive dampers face limitations in adaptability to varying 

landing conditions.  

 

Recent studies have explored various methodologies to optimize 

the performance of these systems. One significant aspect of 

passive dampers is their absorbing impact energy during landing. 

The shock absorber is a fundamental component of landing gear, 

designed to mitigate the forces exerted on the aircraft during 

touchdown. Research indicates that the performance of these 

shock absorbers can be influenced by factors such as the design 

of the metering pin and the characteristics of the damping 

materials used [9][10][11]. For instance, Nkemdirim discusses 

the linear quadratic Gaussian control of landing gear, 

emphasizing the importance of optimizing damper behavior to 

improve overall landing performance [12]. It is corroborated by 

findings from Yıldız, who notes that semi-active systems, which 

can adjust their damping properties, outperform passive systems 

in vibration mitigation [13]. 

 

Moreover, the dynamics of landing gear systems are complex and 

require careful modeling to predict their behavior under various 

conditions. Studies by Sivakumar et al. have utilized nonlinear 

mathematical models to analyze the impact of runway conditions 

on landing gear performance, highlighting the necessity of 

adaptive control strategies to enhance vibration isolation [14]. 

The integration of advanced materials, such as 

magnetorheological fluids, has also been proposed to improve the 

damping characteristics of landing gear systems, allowing for a 

more responsive approach to shock absorption [15][16][17]. 

 

In addition to the mechanical aspects, the design of passive 

dampers must consider the overall structural integrity of the 

landing gear. Research by Son emphasizes the importance of 

dimension variations in landing gear, which can significantly 

affect static strength and dynamic response [18]. It is particularly 

relevant when considering the cumulative effects of repeated 

landings on the materials used in shock absorbers, as highlighted 

by the work of Shi, who examined the optimization of passive 

shock absorbers [19]. 

 

Furthermore, the advancements in computational modeling 

techniques have facilitated a deeper understanding of the 

interactions between various landing gear system components. 

For example, finite element analysis has been instrumental in 

simulating the dynamic behavior of landing gear under different 

loading conditions, allowing for the identification of potential 

failure modes and the optimization of design parameters [20]. 

This approach is essential for ensuring that passive dampers can 

effectively isolate vibrations without compromising the structural 

integrity of the landing gear. In conclusion, while passive 

dampers remain a vital component of landing gear systems, 

ongoing research is focused on enhancing their performance 

through innovative design, material selection, and advanced 

modeling techniques. Integrating adaptive control strategies and 

exploring new damping materials are promising avenues for 

improving the shock isolation capabilities of landing gear, 

ultimately contributing to safer and more comfortable aircraft 

operations. 

Active Damper 

The current research on active dampers for isolating shock 

vibrations in aircraft landing gear has seen significant 

advancements, particularly in integrating magnetorheological 

(MR) dampers and other active control technologies [21]. These 

innovations aim to enhance the performance of landing gear 

systems by effectively managing the dynamic loads experienced 

during landing and taxiing.  

 

Active and semi-active control methods have emerged as viable 

solutions for improving the shock absorption capabilities of the 

landing gear. For instance, Vencatasawmy and Xue highlight the 

advantages of actively controlled landing gears, which can adapt 

to varying conditions and significantly improve buffer 

performance compared to passive systems [10]. The 

incorporation of MR dampers allows for real-time adjustments to 

damping characteristics, providing precise control over landing 

dynamics and enhancing shock absorption [23]. This adaptability 

is crucial during the critical landing phases, where the landing 

gear must effectively mitigate impact forces and vibrations [24]. 

Research by Kang et al. emphasizes the modeling and control of 

landing gear systems equipped with MR dampers, demonstrating 

that these systems can achieve better shock attenuation through 

sophisticated control strategies [22][24]. The use of MR fluids in 

dampers enables rapid changes in damping force, which can be 

tailored to specific landing conditions, thereby improving the 

overall stability and comfort of the aircraft during landing 

[25][26]. Furthermore, studies have shown that intelligent control 

algorithms, such as neural networks, can optimize the 

performance of MR dampers, enhancing their effectiveness in 

various landing scenarios [27][28]. 

 

In addition to MR dampers, other active control technologies are 

being explored. For example, integrating feedback loops and 

pumps in active suspension systems has been proposed to 

dynamically adjust the shock absorption characteristics of 

landing gear [29]. This approach not only improves energy 

dissipation during landing but also contributes to the overall 

structural integrity of the aircraft by reducing the transmission of 

vibrations to the fuselage [15][30]. 

 

Moreover, developing robust control systems for active landing 

gear has been a focal point of recent research. Studies have 

demonstrated that advanced control strategies, such as Linear 

Quadratic Gaussian (LQG) control, can effectively manage the 

dynamic responses of landing gear systems, ensuring optimal 

performance under varying operational conditions [12][31]. 
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Implementing these control systems is critical for enhancing the 

reliability and safety of landing gear, particularly in complex 

landing environments where traditional passive systems may fall 

short. In conclusion, integrating active dampers, particularly 

those utilizing MR technology, represents a significant 

advancement in the design and functionality of aircraft landing 

gear systems. These innovations improve shock absorption and 

vibration isolation and enhance aircraft operations' safety and 

comfort during landing and taxiing. 

Semi-Active Damper 

Recent advancements in semi-active dampers for isolating shock 

vibrations in aircraft landing gear have shown significant promise 

in enhancing landing performance and stability. Semi-active 

dampers, particularly those employing magnetorheological (MR) 

fluids, have emerged as a leading technology due to their ability 

to adjust damping characteristics in real-time based on control 

inputs. This adaptability allows for improved energy dissipation 

without compromising system stability, making them suitable for 

dynamic landing conditions [15][32][33]. 

 

The implementation of semi-active control systems in landing 

gear has been extensively studied. For instance, Yıldız highlights 

the effectiveness of semi-active dampers in varying damping 

forces according to control inputs, which is crucial during landing 

maneuvers [32]. Nkemdirim further elaborates on the operational 

dynamics of semi-active systems, contrasting them with passive 

and active systems and emphasizing their role in enhancing the 

overall performance of landing gear [12]. MR dampers are 

particularly noted for their fast response to magnetic fields, 

allowing for rapid adjustments to damping forces, which is vital 

during the transient phases of landing [15][33]. 

 

The design and optimization of these systems have also been a 

research topic. The research investigated neural network-based 

intelligent control strategies to regulate MR dampers with the 

ability to enhance adaptability and performance for different 

landing conditions [34]. Additionally, Han et al. focused on the 

effect of magnetic core properties under various conditions of MR 

damper-based landing gear systems. They emphasized the 

performance in terms of material through experiments [33]. 

Nonetheless, hybrid actuators will significantly improve the 

performance of semi-active landing gear systems when combined 

with advanced control algorithms like Linear Quadratic Gaussian 

(LQG) control [12][35]. 

 

Moreover, applying semi-active dampers extends beyond 

traditional aircraft to uncrewed aerial vehicles (UAVs), where 

Son et al. proposed innovative designs to mitigate shock 

vibrations during landing [18]. This adaptability across different 

platforms highlights the versatility of semi-active damping 

technologies in modern aerospace engineering. 

In conclusion, the research on semi-active dampers for isolating 

shock vibrations in landing gear systems emphasizes their critical 

role in enhancing landing performance through real-time 

adaptability and advanced control strategies. The ongoing 

exploration of MR fluids and intelligent control systems 

continues to pave the way for innovations that promise to improve 

aircraft safety and operational efficiency. 

 

PSMEID  as a Semi-active Damper 

While it is feasible to employ semi-active dampers with variable 

or negative stiffness in UAV landing gear, secondary advantages 

are presented alongside the variability of damping. These new 

semi-active devices can significantly reduce transmitted 

vibrations over a wide frequency range by adaptively tuning the 

natural frequency of the landing system [36]. 

 

The research on the parameters available for vibration control 

through the design of damper systems has reached the next stage, 

in which passive systems are considered by other means, such as 

momentum changes described by Momentum Exchange Impact 

Damper (MEID). The MEID, in turn, is divided into two types: 

Passive-MEID (PMEID) and active-MEID (AMEID). PMEID is 

a passive damper system that uses momentum change where the 

kinetic energy generated when growing on the central mass will 

be transferred to a mass that acts as passive damping [37]. 

AMEID replaces the damper system with hydraulic, pneumatic, 

and magnetorheological damper actuators. As per Gregory, the 

Newton cradle is the base method both use. Figure 1 — Ball 

Collision Simulation[38]: is to use the changing momentum of 

collision between the first ball and the second ball equivalent with 

the amount of momentum when the second ball gives direction to 

the third had gym then crosses the third already gave half no more 

than that which should give it so that position will remain fixed. 

 

 

 

 

 

 

 

 

Figure 1. Newton Caddle 

 

The combination of the above two methods, PMEID and AMEID, 

led to the development of Pre-Staining Spring-MEID (PSMEID). 

This second ball is the MP (or central mass) in the PSMEID 

process, as illustrated by Figure 2 [39]. The mass of the first 

object is thought to be Body force (FW), and The mass of the 

third object (MC) is taken as Spring force after stretching due to 

the initial spring strain applied on it; this property is called Pre-

Staining Spring. 

 

 
Figure 2. Introduce the PSMEID model 

 

During impact, PSMEID allows the primary energy to be 

amplified to be more pronounced even in tuning and, more 

importantly, in reducing the maximal velocity of the drone and 

transmission forces during landing. The following is a simple 

model of a UAV landing gear with PSMEID, as illustrated in 
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Figure 3: when the landing gear hits the runway, a time gap exists 

between PSMEID mass and central mass, enough for the 

PSMEID mass to start motion. 

 
Figure 3. PSMEID on UAV’s Landing Gear 

  

Using this model, the following study will invent a method to 

decide when the perfect moment to turn on the PSMEID is and 

whether it should be turned on before or after landing gear 

touches down the runway. Continuing with the previous work on 

active dampers, the model needs a sensor mechanism to estimate 

the time of impact [41]. A preview method for an active damping 

system was developed by the study [42] (Figure 4). This approach 

places an optical sensor between the external and central mass, 

which can determine the movement in a contactless fashion. The 

actuating element is composed of a damper mass secured to the 

push-rod. The rod is preloaded by the coil springs' initial 

deflection, corresponding to the preload at an initial load. This is 

continuously actuated by hydraulic force, which deflects the coil 

spring. Rod is initially lying in some small free space from the 

central mass. Accordingly, when the external mass strikes the 

central mass, an impulsive force is opposed externally, and 

neutrals, kinetic energy transfer to the rod is due to the release of 

a strained spring [42]. 

 
Figure 4. Damper system with Preview 

PHYSICS AND MATHEMATICAL MODEL 

To evaluate the performance of the PSMEID applied to the 

damper of UAV’s landing gear system model, a comparative 

study was carried out for two models: model 1 is the model that 

places the PSMEID on the central mass. In contrast, model 2 is 

the model that places the PSMEID on the wheel mass.  

Model 1 (PSMEID on Sprung) 

This model places the PSMEID mass (contact mass) inside 

the central mass or what is later referred to as the sprung 

mass, as shown in Figure 5.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Simulation model of PSMEID on Sprung with Preview 

 

The dynamics of the landing gear of an uncrewed aircraft consist 

of the main mass, denoted as Mp, supported by the landing gear 

system. The main spring Kp and damper CP model the interaction 

between the main mass and the landing gear system. The landing 

gear system includes the wheel mass Mw, spring KW, and wheel 

damper Cw. The PSMEID damper consists of the contact mass 

MC, connected to Mp through pre-strain springs kps, contact spring 

kc, and contact damper Cc. 

 

Assuming that 𝑥𝑤 > 𝑥𝑐 > 𝑥𝑝, using Newton's Second Law, the 

mathematical equation in Figure 3 can be expressed as: 

 

𝑀𝑝𝑥̈𝑝 + 𝑀𝑝𝑔 − 𝐹𝑝𝑤 + 𝐹𝑝𝑠−𝐹𝑠 = 0                                    (1) 

𝑀𝑐𝑥̈𝑐 + 𝑀𝑐𝑔 − 𝐹𝑐𝑝 − 𝐹𝑠 + 𝐹𝑝𝑠 = 0                                           (2) 

𝑀𝑤𝑥̈𝑤 + 𝑀𝑤𝑔 + 𝐹𝑝𝑤 + 𝐹𝑤 = 0          (3) 

 

Fw is the impulsive force generated when the landing gear 

contacts the ground. The unmanned aircraft system is assumed to 

descend with an initial zero speed. 

 

𝐹𝑤 = {
𝑐𝑤𝑥̇𝑤 + 𝑘𝑤𝑥𝑤 ,     𝑖𝑓 𝑥𝑤 > 0
0,                             𝑖𝑓 𝑥𝑤 = 0

                 (4) 

 

The relationship between mass Mc and Mp is modeled using 

kc and cc, resulting in the contact force obtained from the 

motion of the stiffness kc and damping cc. The contact force 

is expressed as: 

 

𝐹𝑐𝑝 =

{
𝐶𝑐(𝑥̇𝑝 − 𝑥̇𝑐) + 𝑘𝑐(𝑥𝑝 − 𝑥0 − 𝑥𝑐),         𝑖𝑓 (𝑥𝑤 − 𝑥0 − 𝑥𝑐) > 0 

0,                                                                    𝑖𝑓 (𝑥𝑤 − 𝑥0 − 𝑥𝑐) = 0 
          (5) 

 

The counterforce Fs between Mp and Mc to balance the pre-stress 

force. The counterforce becomes zero after the main mass 

collides with the contact spring. This relationship can be 

expressed as: 

 

          𝐹𝑠 = {
𝑘𝑝𝑠 𝑥𝑝𝑠,                                                      𝑡 = 𝑡𝑏

0,                                                                 𝑡 ≠ 𝑡𝑏 
  (6) 

 

Where t is the time measured when the main mass is dropped 

freely until the landing wheels touch the runway, while tb is the 

variable representing the delay time for activating the PSMEID 

system. 
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The initial gap x0 in equation (5) is introduced to obtain the 

optimum condition for transferring momentum from Mp and Mw. 

The pre-strain spring is added between Mp and Mc to enhance the 

momentum exchange from the main mass to the contact mass. 

The pre-strain force value is controlled by adjusting the initial 

deflection of the pre-stretched spring, as shown in Figure 3.2. The 

pre-strain force Fps acting between Mp and Mc can be written as: 

 𝐹𝑝𝑠 = 𝑘𝑝𝑠(𝑥𝑝𝑠 + 𝑥𝑐 − 𝑥𝑝)                                                   (7) 

Fpw is the force of interaction through the spring kp and damper 

cp. This force is calculated from the relative motion between mass 

Mp and Mw: 

𝐹𝑝𝑤 = 𝑐𝑝(𝑥̇𝑤−𝑥̇𝑝) + 𝑘𝑝(𝑥𝑤 − 𝑥𝑝)      (8) 

Model 2 (PSMEID on Unsprung) 

The landing gear system with PSMEID on Unsprung is modeled 

using a combination of several masses, as shown in Figure 6. 

There are three masses, namely Mp, which is the main mass of the 

drone equipped with a mass wheel; Mw, and Mc, which is the 

PSMEID mass that provides momentum to the wheel mass. A 

spring constant is expressed in Kp and Cp as a damping constant 

between the main and the wheel mass. The wheel mass has a 

spring constant Kw and a damping constant Cw—Mass Mw, which 

functions to connect to Mp with spring constant Kp and damping 

Cp. Meanwhile, the Kps spring will push the Mw mass to give the 

opposite momentum. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Simulation model of PSMEID on Unsprung with 

Preview 

 

From the physical model designed as in Figure 5, we can obtain 

a mathematical model that will be used as the basis for making 

the simulation using MATLAB/Simulink software. 

 

It is assumed that by using Newton's Law II, the mathematical 

equation in Figure 5 can be expressed by:  

 

𝑀𝑝𝑥̈𝑝 + 𝑀𝑝𝑔 − 𝐹𝑝𝑤 + 𝐹𝑝𝑠 = 0     (9) 

𝑀𝑐𝑥̈𝑐 + 𝑀𝑐𝑔 − 𝐹𝑐𝑝 − 𝐹𝑠 + 𝐹𝑝𝑠 = 0      (10) 

𝑀𝑤𝑥̈𝑤 + 𝑀𝑤𝑔 + 𝐹𝑝𝑤 + 𝐹𝑤 + 𝐹𝑐𝑝 − 𝐹𝑠 + 𝐹𝑝𝑠 = 0      (11) 

 

𝐹𝑤  is the impulsive force generated when the wheel is in contact 

with the ground. The drone system is assumed to descend with an 

initial velocity of zero. 

𝑚𝑜𝑟𝑒 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝑚𝑜𝑟𝑒 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡𝐹𝑤 =

{
𝑐𝑤𝑥̇𝑤 + 𝑘𝑤𝑥𝑤 ,     𝑖𝑓 𝑥𝑤 > 0
0,                             𝑖𝑓 𝑥𝑤 = 0

  
   (12) 

The contact condition between main mass Mp and wheel mass Mw 

is modeled using a spring constant Kc and a damper constant Cc, 

resulting in a contact force obtained from the strain motions Kc 

and Cc. The contact force is expressed by: 

 

𝐹𝑐𝑝 =

{
𝐶𝑐(𝑥̇𝑝 −  𝑥̇𝑐) + 𝑘𝑐(𝑥𝑝 − 𝑥0 − 𝑥𝑐), 𝑖𝑓 (𝑥𝑤 − 𝑥0 − 𝑥𝑐) > 0 

0,                                                            𝑖𝑓 (𝑥𝑤 − 𝑥0 − 𝑥𝑐) = 0 
               (13) 

 

The counteracting force Fs is between Mp and Mc to balance the 

pre-strain force. The counteracting force becomes zero once the 

main mass collides with the contact spring. This relationship can 

be expressed as: 

 

𝐹𝑠 = {
𝐾𝑝𝑠 𝑥𝑝𝑠,                         𝑇 = 𝑇𝑏

0,                                   𝑇 ≠ 𝑇𝑏
     (14) 

 

Where T is the calculated time when the landing gear starts to be 

dropped in free-fall motion from a certain height, while Tb is the 

time variable of the PSMEID system activation, the initial gap in 

equation (3.5) is introduced to obtain the optimum condition for 

transferring momentum from Mp and Mc. A pre-stretched spring 

is added between Mp and Mc to enhance the momentum exchange 

from the main mass to the contact mass. The value of the pre-

stretch force is controlled by adjusting the initial deflection of the 

pre-stretch spring, as shown in Figure 4.1. The pre-strain force 

Fps acting between Mp and Mc and can be written as: 

 

𝐹𝑝𝑠 = 𝑘𝑝𝑠(𝑥𝑝𝑠 + 𝑥𝑐 − 𝑥𝑝)        (15) 

 

Fpw is the interaction force through spring kp and damper cp. This 

force is calculated from the relative motion between masses Mp 

and Mw: 

 

𝐹𝑝𝑤 = 𝑐𝑝(𝑥̇𝑤−𝑥̇𝑝) + 𝑘𝑝(𝑥𝑤 − 𝑥𝑝)        (16) 

Table 1. Simulation Parameters 

Parameter Value Unit 

Main Mass MP 2 Kg 

Main Spring Stiffness Kp 20000 N/m 

Main Damper 𝑪𝒑 989,95 Ns/m 

The First Contact Mass 𝑴𝒄 
0,125-

0.250 
Kg 

The First Contact Spring Stiffness 𝒌𝒄 2000 N/m 

The first Contact Damper 𝑪𝒄 9000 Ns/m 

The First Pre-strain Spring Stiffness 𝑲𝒑𝒔 
80-

1600 
N/m 

Wheel Mass 𝑴𝒘 0.35 Kg 

Wheel Spring Stiffness 𝒌𝒘 40000 N/m 

Wheel Damper 𝑪𝒘 392 Ns/m 

The First Pre-straining Spring Displacement 

 𝑿𝒑𝒔 
0.01-01 m 

gravity g 9,8 m/s2 

height of fall h 
0.05,0.1

,0.15 
m 

Gap  𝑿𝟎 0,0005 m 

Landing Time TL 

0.101,0.

143, 

0.175 

sec 

Active Time of the First PSMEID TB - sec 
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RESULTS AND DISCUSSION 

Effect  of TB  

This simulation shows the primary mass acceleration response 

difference for the first model that places the active time prediction 

PSMEID system on the main mass (Sprung Mass). The second 

model places the active time prediction PSMEID system on the 

wheel mass (Unsprung Mass). In this simulation, the active time 

determined is the best in each model. This simulation is carried 

out by dropping the UAV landing gear from three variations of 

the fall height of 0.05, 0.10, and 0.15 meters. Each drop height 

will result in different landing times (TL) of 0.101, 0.143, and 

0.175 seconds, respectively. Other parameters used are based on 

Table 1. 

Height of fall 0.05 metres 

In this condition, the simulation was performed by dropping the 

landing gear from a distance of 0.05 meters from the runway 

surface. Thus, it can be determined that the landing time (TL) is 

0.101 seconds. This simulation's mass is 2 Kg, and the PSMEID 

(MC) mass is 0.250 kg. Figure 7 shows that the lowest 

acceleration amplitude occurs in the first model with an active 

time of 0.096 seconds (TB<TL), with the maximum acceleration 

occurring at 63.66 m/s2. The second model's best active time is 

0.1 seconds (TB<TL), with an acceleration of 64.34 m/s2. With the 

above results, it can be seen for a fall height of 0.05 meters, the 

placement of PSMEID on the wheel mass can reduce the 

maximum acceleration better than the others.  

 
Figure 7. Acceleration response for the best active time at a fall 

height of 0.05 for model 1 and model 2 

Height of fall 0.10 metres 

Simulations at a landing wheel fall height of 0.10 meters showed 

that the first model, PSMEID, decreased the acceleration 

amplitude by 3.6 percent or from 98.75 m/s2 to 95.17 m/s2, as 

shown in Figure 8. For the second model, PSMEID reduced the 

acceleration amplitude by 4.4 percent. This indicates a fall height 

of 0.10 meters PSMEID. The second model effectively isolates 

the vibration acceleration for the same other parameters. For 

PSMEID active time, both models used are the same, namely 0.14 

seconds (TB<TL), or PSMEID will be activated before the landing 

gear reaches the runway surface. 

 

 
Figure 8. Acceleration response for the best active time at a fall 

height of 0.10 for model 1 and model 2 

Height of fall 0.15 metres 

For the height of the landing gear falling from a distance of 0.15 

meters, the landing time (TL) is 0.175 seconds using a simple 

calculation of free fall motion. The graph in Figure 9 shows that 

the PSMEID on the unsprung (second model) can reduce the 

acceleration amplitude by 6.06 percent, with the most optimal 

PSMEID active time at 0.173 seconds after the landing gear starts 

to drop (TB<TL). Meanwhile, the first model can reduce 1.75 

percent of the acceleration amplitude reduction.  

 
Figure 9. Acceleration response for the best active time at a fall 

height of 0.15 for model 1 and model 2 

Variation of KPS and XPS on System’s Performance 

The spring constant of the PSMEID (KPS) and the PSMEID spring 

press distance (XPS) are two parameters that significantly affect 

the performance of the landing gear damper. The greater the KPS 

value, the greater the potential energy value of the PSMEID 

system, as well as the spring deflection of the PSMEID, which is 

linearly proportional to the potential energy when applying force 

to the unsprung mass and sprung mass in the landing gear system. 

Effect of KPS 

The landing gear drop height of 0.05 meters with the variation of 

spring constant (KPS) can be seen in Figure 10. the KPS for 

PSMEID model 1 decreases acceleration amplitude as the KPS  

value increases. In contrast, for PSMEID model 2, the KPS value 

of 1200 N/m contributes the best reduction in acceleration 

amplitude. For the PSMEID activation time, model 1 is activated 

0.096 seconds after the landing gear is released from a height of 

0.05 meters (TB<TL), while model 2, the PSMEID, will activate 

at 0.1 seconds. 
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Figure 10. Comparison of the effect of KPS value on amplitude 

acceleration of  two PSMEID models for 0.05 meters landing 

gear drop simulation 

For the landing gear drop height of 0.1 meters from the runway 

surface, the effect of the KPS on both models can be seen in the 

graph shown in Figure 11. When the KPS variation is tested on the 

first model, it can be seen that the higher the KPS value, the higher 

the decrease in velocity amplitude, while for the second model, 

the KPS makes the maximum contribution to the reduction in 

acceleration amplitude when the KPS value is 1100 N/m, or it can 

be said that this phenomenon is the same as the simulation at the 

height of 0.05 meters. All variations of the KPS value use the best 

active time for a fall height of 0.10 meters, which is 0.14 seconds 

(TB<TL) in both model 1 and model 2. 

 
Figure 11. Comparison of the effect of KPS value on amplitude 

acceleration of two PSMEID models for 0.10 meters landing 

gear drop simulation 

In the simulation of the landing gear drop height of 0.15 meters, 

the KPS value in model 2 shows a significant influence tendency 

when the KPS value gets bigger, far exceeding the influence of KPS 

in model 1, as shown in Figure 12. All these variations of the KPS 

value use the best active time for a drop height of 0.15 meters, 

which is 0.173 seconds (TB<TL)  in both model 1 and model 2. 

Effect of XPS 

Theoretically, when the XPS is greater, the kinetic energy stored 

in a spring will be more incredible. On the other hand, it should 

be noted that the PSMEID's mass not only provides momentum 

once during the first impact but also possibly that the following 

momentum is relatively minor, which may affect the vibration in 

the landing gear. The parameters used for this XPS variation 

simulation are the same as for the KPS variation, especially for 

the PSMEID uptime. 

 

 
Figure 12. Comparison of the effect of KPS value on amplitude 

acceleration of two PSMEID models for 0.15 meters landing 

gear drop simulation 

Simulations by varying the XPS when the landing gear is dropped 

at a height of 0.05 meters are shown in Figure 13. The response 

graph shows that for model 2 (PSMEID on unsprung), the XPS 

will optimally reduce the acceleration amplitude when it is pulled 

0.02 meters from its balance point. As for model 1, the decrease 

in acceleration amplitude will be proportional to the increase in 

XPS, and determining this variable will have certain limitations 

when applied because the spring length used has a limited value. 

 
Figure 13. Comparison of the effect of XPS value on amplitude 

acceleration of two PSMEID models for 0.05 meters landing 

gear drop simulation 

For the landing gear fall height of 0.1 meters, the acceleration 

amplitude with XPS variation is shown in the graph in Figure 14. 

XPS in Model 1 contributes significantly to the decrease of 

acceleration amplitude when the spring compression distance is 

enlarged; in other words, this phenomenon is the same as when 

simulating the fall height of 0.05 meters. As for model 2, the 

optimal XPS can reduce the acceleration amplitude to 0.02 meters, 

the same as the simulation for the landing gear drop height of 0.05 

meters. 

 
Figure 13. Comparison of the effect of XPS value on amplitude 

acceleration of two PSMEID models for 0.10 meters landing 

gear drop simulation 
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A different phenomenon occurs for the fall height of 0.15 meters, 

compared to the two previous fall heights of 0.05 and 0.1 meters. 

Both models show a decrease in acceleration amplitude when XPS 

is enlarged, but PSMEID model 2 shows a more significant 

reduction in acceleration amplitude than PSMEID model 1, as 

shown in Figure 14. 

 
Figure 13. Comparison of the effect of XPS value on amplitude 

acceleration of two PSMEID models for 0.15 meters landing 

gear drop simulation 

CONCLUSIONS 

From the two PSMEID models that have been developed, it can 

be concluded that each model has its advantages and 

disadvantages. Both PSMEID models with time prediction will 

have an optimal effect on reducing the acceleration of shock 

vibrations on the landing gear damper when activated before the 

landing gear reaches the runway surface (TB<TL), expressly 

limited to the main mass of 2 Kg. Model 2 PSMEID tends to make 

a more significant contribution to the field of model 1 when 

applied to the number of parameters, but on the other hand, if 

specific parameter values are used, such as KPS and XPS, the 

decrease in acceleration amplitude will be more significant. 
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