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1. Introduction 

 

Surface phenomena are increasingly essential for many 

innovative micro-Nano devices and applications, since the 

sizes and the surface-to-volume ratios between these 

devices are tiny (Hu et al. 2020, Yang et al. 2020, Hong et 

al. 2021, Shao et al. 2021). Surfaces are often proportional 

to their surface intensity (e.g., adhesion and friction) and 

hence are scaled as the second force of a typical device 

length, whereas volume forces (e.g., inertia) tend to be the 

third power of the characteristic length (Zhang et al. 2019, 

Ji et al. 2020a, Ni et al. 2021, Zhang et al. 2021). Thus, 

surface effects are dominant at micro/nanometer scales, but 

the volume effects are insignificant (Kazerani et al. 2014, 

Fanaie and Shamlou 2015, Hajilak et al. 2019). The macro, 

micro and nanoscale common definitions are the following. 

The microscale is commonly referred to as the length scale 

in the region from 1 mm to 100 nm, whereas the length 

scale is named the nanoscale from 100 nm up to 1 nm 

(Wang et al. 2018, Zhang et al. 2020, 2021, Zhu et al. 

2021). The macroscale is a longitudinal scale more than 1 

mm while the atomic scale is a length less than 1 nm. 

Recent micro/Nano technological developments have 
enabled the construction of micro/Nano-structured 

functional surface systems with low adhesion micro/Nano 

topography (Yin et al. 2015, Ji et al. 2020b, Hou et al. 

2021, Qiao et al. 2021). Surface topography is defined by  
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variations in roughness, porosity etc. from a completely flat 

plane (Ebrahimi et al. 2019, Chen et al. 2020, Yang et al. 

2020b). For example, super hydrophobic (lotus effect) 

surfaces that are very water-repellent and gecko effect 

surfaces display regulated adhesion through their 

micro/Nano surface topography (Xu et al. 2014, Qi and 

Fourie 2019, Qi et al. 2020). Many of these surfaces are 

inspired by living materials and surfaces dubbed 

biomimetic surfaces (Shah et al. 2016a, Zandi et al. 2018, 

Naghipour et al. 2020, Yazdani et al. 2020, Rajaei et al. 

2021). Advances in Nanotechnology have made it possible 

to build materials that demonstrate greater performance, 

durability, and sustainability than ordinary concrete and 

alloys such as composites and metal matrix composites 

(Shah et al. 2015, 2016b, Nosrati et al. 2018, Toghroli et al. 

2018, Ziaei-Nia et al. 2018). In a region such as Milwaukee 

in Wisconsin, which is a hub of the fresh water industry 

owing to its proximity to the Great Lakes and the diversity 

of businesses connected to water, functional surfaces for 

water and ice applications are of special importance 

(Mohammadhassani et al. 2014a, Tahmasb et al. 2016, Wei 

et al. 2018, Li et al. 2019, Luo et al. 2019). The water 

industry has common raw materials for metals (such as 

steel, brass and cast iron) (Daie et al.  2011, 
Mohammadhassani et al. 2014c, Nasrollahi et al. 2018, 

Paknahad et al. 2018). The average snowfall in Milwaukee 

is 133 cm a year due to both the lake effect and the latitude 

to the north. The salt used for ice and snow removal is 

corrosive and can harm metal components such as 

automotive components, metal reinforcements, or water 

pipes’ longevity and efficiency (Hamidian et al. 2011, Shah 

et al. 2016b, Shahabi et al. 2016, Heydari and Shariati  
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Fig. 1 Sources of impacts, interaction points, and flow 

directions of dynamic enforcement signal 
 

 

2018, Paknahad et al. 2018). It is vital that fundamental 

features of how micro/Nano topography has an effect on the 

surface characteristics at the macroscale are examined in 

order to comprehend the structure-perfect link between 

these new materials and surfaces (Khorramian et al. 2016, 

Hosseinpour et al. 2018, Safa et al. 2019, Afshar et al. 

2020, Naghipour et al. 2020b). The topography of the 

surface micro/Nano can be seen as a mixture of spatial 

models, while rapid vibrational tiny amplitudes provide 

periodic temporal motives (Arabnejad Khanouki et al. 

2016, Khorami et al. 2017, Suhatril et al. 2019, Trung et al. 

2019b, Toghroli et al. 2020). A vibration is thought to be 

rapid or sluggish when compared to the physical system’s 

inherent oscillations (Sinaei et al. 2012, Khorramian et al. 

2017, Toghroli et al. 2017, Milovancevic et al. 2019, Sajedi 

and Shariati 2019). The vibration frequency is considerably 

higher than the natural oscillation frequency of the system 

(Arabnejad Khanouki et al. 2010, Sinaei et al. 2011, Jalali 

et al. 2012, Ismail et al. 2018, Davoodnabi et al. 2019). The 

movement separation technique is a mathematical tool used 

for the study of the dynamics of stiff bodies in fast-paced 

areas (Mohammadhassani et al. 2013, Toghroli et al. 2014, 

2016, Mansouri et al. 2019). The quick vibrations can be 

replaced with an effective force using this approach 

(Sadeghipour Chahnasir et al. 2018, Sedghi et al. 2018, 

Katebi et al. 2019, Safa et al. 2020). This effective strength 

is achieved by averaging the vibrations throughout time 

(Mohammadhassani et al. 2014b, Goudarzi et al. 2016, Safa 

et al. 2016, Fanaie et al. 2017, Trung et al. 2019a). The 

vibration-induced stability of an inverted pendulum is the 

simplest mechanical example of a vibration manifesting as 

an efficient power (Ghabussi et al. 2019, Habibi et al. 2019, 

Pourjabari et al. 2019, Safarpour et al. 2019, Ebrahimi et al. 

2020). A strong methodology for studying the influence of 

tiny patterns on the macroscopic status or characteristics of 

a system offers a way of separating motion (Habibi et al. 

2020, Shariati et al. 2020, Al-Furjan et al. 2021, Zhao et al. 

2021). Due to similarities in the effects of small amplitude 

patterns and small rapid vibrations, this approach can be 

applied in the areas of surface technology, physical 

chemistry and materials research. Fig. 1 shows the sources 

of impacts, interaction points, and flow directions of 

dynamic enforcement signals. 

During a vehicle ride, drivers and passers-by are 

exposed to road surface vibrations (Fanaie and Tahriri 

2017, Afsar Dizaj et al. 2018, Dong et al. 2018, Tan et al. 

2021). Vibration causes pain, reduces work capacity and 

can impact health over longer periods of time (Mladenovic 

1999, Dedovic  ́2004, Moghadam et al. 2010, Fanaie et al. 

2012, 2019). Building machinery, agriculture, lorries and 

bus drivers are among the most hazardous groups (Kompier 

1996). Studies (Kompier 1996, Okunribido et al. 2007, Picu 

2009) have revealed that bus drivers are subjected to 

vibrations of high intensity. Long-term exposure to high-

level vibrations causes drivers to experience a variety of 

health issues, such as muscular skeletal diseases (low-back 

pain, neck, shoulder, and knee discomfort), mental 

disorders (tiredness, strain, mental weariness), sleep 

disturbance, and so on (Whitelegg and Cross 1995, 

Alperovitch-Najenson et al. 2010, Huang et al. 2021a, Jiao 

et al. 2021, Ma et al. 2021).  The European Union enacted 

Directive 2002/44 on 25 June 2002 with a view of reducing 

harmful effects on vibration and ensuring health at work. It 

specifies permissible exposure limit (threshold) values for 

entire body vibrations at work and clearly emphasizes 

employers’ need to implement adequate safety measures in 

line with these levels (Nelson and Brereton 2005, 

Najarkolaie et al. 2017, Ghanbari-Ghazijahani et al. 2020, 

Rezaeian et al. 2020). Timely action for both drivers and 

passengers to prevent vibration damage involves ongoing 

monitoring of the degree of vibration (Asadolahi and Fanaie 

2020, Partovi and Fanaie 2020, Razavian et al. 2020, 

Mehrabi et al. 2021). This frequently implies measuring the 

degree of exposure to vibration in users under real-life 

circumstances. In recent years, vibration tests have not only 

been done in the vehicle to evaluate its oscillatory comfort 

under real conditions (Fig. 3), but also to evaluate the 

suspension system in the dumping of vibrations transferred 

from the vehicle’s wheels to the vehicle’s body. In (Litak 
et al. 2009), the vertical acceleration signals were 

recorded during passage through the railway cross in the 

suspension system of the delivery truck. In the dampening 

of shock vibrations transferred from the railway crossing to 

the vehicles suspended mass, it was possible to assess the 

quality of the suspension system by measuring the 

acceleration. The analysis of recorded vertical acceleration 

in the vehicle suspension system in revealed that the 

suspension system is more efficient at dampening higher-

frequency vibration levels for three different types of 

excitations (asphalt, sett, and rail cross) (Borowiec et al. 

2010). In addition to the observations, simulations utilizing 

the model oscillator (Pečeliūnas et al. 2003, 2005) can be 

carried out for examination. When measurements are 
rarely carried out due to different restrictions, 
simulations take more relevance. The incorporation of 

previously observed traffic rarity into the oscillatory 

(Pečeliūnas et al. 2005), the previously observed traffic 

rarity is a quality study of the oscillatory behavior of 

vehicles. In this article, the bus excitement was modeled 

using the Power Spectral Density of asphalt-concrete road 

roughness in very excellent condition, since it was difficult 

to carry out an actual screening of road roughness. Here, a 

spatial oscillatory model of the intercity bus IK-301 with 10  
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Fig. 2 Variation of dimensionless frequency of NL-CS 

FG versus length scale parameter for various nonlocal 

parameters (L/h = 40, p = 0.5) 

 

 
Fig. 3 Oscillatory model of the bus IK-301 

 

 

degrees of freedom was applied for the investigation of user 

oscillatory comfort. The oscillating comfort of the driver 

and passenger was measured in accordance with the process 

and criteria outlined in the ISO 2631-1 standard of 1997 

(2631 1997). In line with ISO 2631-1 of 1978, it has also 

been established here that drivers can have the permissible 

exposure time for the decreased comfort criterion. The 

impact of the shock and shipment vibration might lead to 

severe damage to the goods say fresh products (fruits and 

vegetables). The shipping and handling of fresh fruits and 

vegetables can lead to different types of contusions and cuts 

that jeopardize their quality, esthetic appeal and diminish 

their economic worth for both growers and retails. In 

today’s expanding international trade, there are numerous 

modes of transportation that necessitate intermodal transit 

via land, sea, and air. Trucks remain, nonetheless, the most 

anticipated form of delivery of perishable materials like 

fresh produce for surface transit and time-sensitive 

distribution. This is partly because trucks are usually 

utilized as the initial means of delivery from the farm or 

packing plant to the department stores (Fig. 6). Therefore, 

distribution data is an important component in the design of 

optimal packaging solutions. The dynamic levels observed 

in actual shipments may also be utilized to build test 

techniques for the simulation of the transportation 

environment and for the prevention of product loss or sales 

value. The primary goal of this study was to monitor and 

evaluate distribution measurements focusing on key fresh 

product areas at retail distributors and, later, in retail outlets. 

Furthermore, the recorded vibration levels were compared 

to vibration data utilized for vehicle transit in Western 

nations. Fig. 2 shows the fluctuation of the NL-CS FG 

dimensionless frequency against the parameter length scale 

of the several non-local parameters (L/h = 40, p = 0.5). 

 
1.1 Bus oscillatory model 

 
The IK-301 bus uses a steep axle suspension system. 

The front axle is connected to the body with two air bags 

and with four telescopic shock absorbers (RABA/A 

932.10), while the rear axle, with four air bags and 4 

telescope shock absorbers, and is connected to the bottom 

of the air (RABA /A 109.29). The bus features two front 

axle wheels and four rear axle wheels. The spatial model of 

the IK-301 bus with 10 degrees of freedom is presented in 

Fig. 2. Independent concentrated mass motions and stiff 

corpses of the mechanical oscillation system are those of 

the driver’s vertical motions, the middle part of the bus 

(passenger 1), the passenger’s rear overhang (passenger 2), 

the center of gravity of the bus, the mass elastic suspension 

system, the front and rear axle center of gravity, and the 

angular movement of the rear axle. Fig. 3 provides an 

overview of the suspension parts on the rear axle with 

characteristic geometry utilized to calculate the appropriate 

accessory model oscillation stiffness and damping shown in 

Fig. 2.  The effects of vibration from the road on the 

driver’s body and passengers rely on the characteristics of 

the seat suspension system as well. A pneumatic elastic 

suspension and a shock absorber are provided for the 

driver’s seat. Passenger seat suspension is stiff, and the seat 

airbags are made of strong polyurethane foam. Fig. 4 

depicts the position of the fully loaded bus’s center of 

gravity. The assumptions chosen for the bus oscillatory 

model are as follows: the bus is consistent with the 

longitudinal center of the gravitational axis (x-axis). All 

potential concentrated mass movements around the 

stationary equilibrium position are modest; stiff bodies 

include the bus-body, the front and rear axles and the bus  
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Fig. 4(a) Surface tension forces at the three-phase line on 

a non-deformable solid surface, (b) The equilibrium of 

surface tensions at the three phase line of liquid phases A, 

B and C 

 

Table 1 Dimensionless natural frequency of straight double 

system subjected to different size scale coefficients 

μ Present Murmu and Adhikari (2010) 

0 9.8696 9.8696 

0.1 9.4158 9.4158 

0.2 8.3569 8.3569 

0.3 7.1823 7.1823 

0.4 6.1455 6.1455 

0.5 5.3002 5.3002 

0.6 4.6253 4.6253 

0.7 4.0854 4.0854 

0.8 3.6487 3.6487 

0.9 3.2909 3.2909 

1 2.9935 2.9935 

 

 

engine is included in the bus body, so that engine oscillatory 

excitation is not considered; therefore, the properties of all 

damping and elastic elements are linear. The road surface of 

the bus’s wheels is in continuous contact, so the bus is in 

continual, steady movement on a straight path. In the car’s 

suspension system, the characteristics of the springs and 

shock absorbers are nonlinear as well as the properties of 

the tires and other elastic vehicle components. The 

nonlinear oscillatory model vehicle is, therefore, utilized for 

conducting analysis of oscillations In (Zhu and Ishitobi 

2004), the nonlinear 4DOF oscillatory model was given, 

while (Zhu and Ishitobi 2006) the vehicle’s chaotic response 

was examined with a nonlinear oscillatory 7DOF space 

oscillatory model. Table 1 additionally contain all parameter 

values from accessible literature (Mladenović 1997), which 

are employed in the simulation. The equivalent rigidity and 

damping values are calculated in the following terms 

according to Fig. 3: The following are 

𝐶𝑧 = 𝐶′
2 + 𝐶′′

2 =
𝐶2(𝑏 − 𝑟𝑎)

2

𝑏2
+

𝐶2(𝑏 − 𝑟𝑎)
2

𝑏2
, (1) 

𝑏𝑧 = 𝑏′
2 + 𝑏′′

2 =
𝑏2(𝑏 − 𝑟𝑎)

2

𝑏2
+

𝑏2(𝑏 − 𝑟𝑎)
2

𝑏2
,

 

(2) 

𝑚𝑢𝑧𝑢 + 𝑏𝑠𝑢𝑧𝑢 + 𝑐𝑠𝑢𝑧𝑢 − 𝑏𝑠𝑢𝑧 − 𝑐𝑠𝑢𝑧 − 𝑠1𝑏𝑠𝑢𝜑 
−𝑠1𝑐𝑠𝑢𝜑 + 𝑠2𝑏𝑠𝑢𝜃 + 𝑠2𝑐𝑠𝑢𝜃 = 0,

 

(3) 

𝑚𝑝1𝑧𝑝1 + 𝑏𝑠𝑝1𝑧𝑝1 + 𝑐𝑠𝑝1𝑧𝑝1 − 𝑏𝑠𝑝1𝑧 − 𝑐𝑠𝑝1𝑧 

−𝑠3𝑏𝑠𝑝1𝜑 − 𝑠3𝑐𝑠𝑝1𝜑 + 𝑠4𝑏𝑠𝑝1𝜃+𝑠4𝑐𝑠𝑝1𝜃 = 0,

 

(4) 

𝑚𝑝2𝑧𝑝2 + 𝑏𝑠𝑝2𝑧𝑝2 + 𝑐𝑠𝑝2𝑧𝑝2 − 𝑏𝑠𝑝2𝑧 − 𝑐𝑠𝑝2𝑧 

−𝑠5𝑏𝑠𝑝2𝜑 − 𝑠5𝑐𝑠𝑝2𝜑 + 𝑠6𝑏𝑠𝑝2𝜃+𝑠6𝑐𝑝2𝜃 = 0,

 

(5) 

Mz + (𝑏𝑠𝑢 + 𝑏𝑠𝑝1 + 𝑏𝑠𝑝2 + 2𝑏𝑝 + 2𝑏𝑧)𝑧 

+𝑐𝑠𝑢 + 𝑐𝑠𝑝1 + 𝑐𝑠𝑝2 + 2𝑐𝑝 + 2𝑐𝑧)𝑧 

+𝑠1𝑏𝑠𝑢 + 𝑠3𝑏𝑠𝑝1 + 𝑠5𝑏𝑠𝑝2)𝜑 

+𝑠1𝑐𝑠𝑢+𝑠3𝑐𝑠𝑝1 + 𝑠5𝑐𝑠𝑝2)𝜑 

−(𝑠2𝑏𝑠𝑢 + 𝑠4𝑏𝑠𝑝1 + 𝑠6𝑏𝑠𝑝2 + 2𝑎𝑏𝑝 − 2𝑏𝑏𝑧)𝜃 

−(𝑠2𝑐𝑠𝑢 + 𝑠4𝑐𝑠𝑝1 − 𝑠6𝑐𝑝2 + 2𝑎𝑐𝑝 − 2𝑏𝑐𝑧)𝜃 

−𝑏𝑠𝑢𝑧𝑢 − 𝑐𝑠𝑢𝑧𝑢 − 𝑏𝑠𝑝1𝑧𝑝1 − 𝑐𝑠𝑝1𝑧𝑝1 − 𝑏𝑠𝑝2𝑧𝑝2 

−𝑐𝑠𝑝2𝑧𝑝2 − 2𝑏𝑝𝑧1 − 2𝑐𝑝𝑧1 − 2𝑏𝑧𝑧2 − 2𝑐𝑧𝑧2 = 0,

 

(6) 

𝑗𝑥𝜑 + (𝑠1
2𝑏𝑠𝑢 + 𝑠3

2𝑏𝑠𝑝1 + 𝑠5
2𝑏𝑠𝑝2 + 2𝑒1

2𝑏𝑝 + 2𝑒2
2𝑏𝑧)𝜑 

+ (𝑠1
2𝑐𝑠𝑢 + 𝑠3

2𝑐𝑠𝑝1 + 𝑠5
2𝑐𝑠𝑝2 + 2𝑒1

2𝑐𝑝 + 2𝑒2
2𝑐𝑧)𝜑 

−𝑠1𝑏𝑠𝑢𝑧𝑢 − 𝑠1𝑐𝑠𝑢𝑧𝑢 + 𝑠3𝑏𝑠𝑝1𝑧𝑝1 + 𝑠3𝑐𝑠𝑝1𝑧𝑝1 

−𝑠5𝑏𝑠𝑝2𝑧𝑝2 − 𝑠5𝑐𝑠𝑝2𝑧𝑝2 + (𝑠1𝑏𝑠𝑢 − 𝑠3𝑏𝑠𝑝1 − 𝑠5𝑏𝑠𝑝2)𝑧 

+(𝑠1𝑐𝑠𝑢 − 𝑠3𝑐𝑠𝑝1 + 𝑠5𝑐𝑠𝑝2)𝑧 

−(𝑠1𝑠2𝑏𝑠𝑢 − 𝑠3𝑠4𝑏𝑠𝑝1 − 𝑠5𝑠6𝑏𝑠𝑝2)𝜃 

−(𝑠1𝑠2𝑐𝑠𝑢 − 𝑠3𝑠4𝑐𝑠𝑝1 − 𝑠5𝑠6𝑐𝑠𝑝2)𝜃 − 2𝑒1
2𝑏𝑝𝜑1 

−2𝑒1
2𝑐𝑝𝜑1 − 2𝑒2

2𝑏𝑧𝜑2 − 2𝑒2
2𝑐𝑧𝜑2 = 0, 

(7) 

𝑗𝑦𝜃 + (𝑠2
2𝑏𝑠𝑢 + 𝑠4

2𝑏𝑠𝑝1 + 𝑠6
2𝑏𝑠𝑝2 + 2𝑎2𝑏𝑝 + 2𝑏2𝑏𝑧)𝜃 

+𝑠2
2𝑐𝑠𝑢 + 𝑠4

2𝑐𝑠𝑝1 + 𝑠6
2𝑐𝑠𝑝2 + 2𝑎2𝑐𝑝 + 2𝑏2𝑐𝑧)𝜃 

(8) 

𝑠2𝑏𝑠𝑢𝑧𝑢 + 𝑠2𝑐𝑠𝑢 + 𝑠4𝑏𝑠𝑝1𝑧𝑝1 + 𝑠4𝑐𝑠𝑝1𝑧𝑝1 − 𝑠6𝑏𝑠𝑝2𝑧𝑝2 

−𝑠6𝑐𝑠𝑝2𝑧𝑝2 − (
𝑠2𝑏𝑠𝑢 + 𝑠4𝑏𝑠𝑝1−𝑠6𝑏𝑠𝑝2 + 2𝑎𝑏𝑝

+2𝑏𝑏𝑧
) 𝑧 

−(𝑠2𝑐𝑠𝑢 + 𝑠4𝑐𝑠𝑝1 − 𝑠6𝑐𝑠𝑝2 + 2𝑎𝑐𝑝 − 2𝑏𝑐𝑧)𝑧 

−(𝑠1𝑠2𝑐𝑠𝑢 − 𝑠3𝑠4𝑐𝑠𝑝1 − 𝑠5𝑠6𝑐𝑠𝑝2 + 2𝑎𝑐𝑝 − 2𝑏𝑐𝑧)𝑧 

−(𝑠1𝑠2𝑏𝑠𝑢 − 𝑠3𝑠4𝑏𝑠𝑝1 − 𝑠5𝑠6𝑏𝑠𝑝2)𝜑 

−(𝑠1𝑠2𝑐𝑠𝑢 − 𝑠3𝑠4𝑐𝑠𝑝1 − 𝑠5𝑠6𝑐𝑠𝑝2)𝜑 

+2𝑎𝑏𝑝𝑧1 + 2𝑎𝑐𝑝𝑧1 + 2𝑏𝑏𝑧𝑧2 + 2𝑏𝑐𝑧𝑧2 = 0, 

(9) 

𝑚𝑝𝑚𝑧𝑝1 + 2(𝑏𝑝 + 𝑏𝑝𝑝)𝑧1 + 2(𝑐𝑝 + 𝑐𝑝𝑝)𝑧1 

−2𝑏𝑝𝑧 − 2𝑐𝑝𝑧 + 2𝑎𝑏𝑝𝜃 + 2𝑎𝑐𝑝𝜃 

= 𝑏𝑝𝑝𝜁𝑝𝑑 + 𝑐𝑝𝑝𝜁𝑝𝑑 + 𝑏𝑝𝑝𝜁𝑝𝑙 + 𝑐𝑝𝑝𝜁𝑝𝑙, 

(10) 

𝑗𝑥1𝜑1 + 2(𝑒1
2𝑏𝑝 + 𝑓1

2𝑏𝑝𝑝) 𝜑1 + 2(𝑒1
2𝑐𝑝 + 𝑓1

2𝑐𝑝𝑝) 𝜑1 

−2𝑒1
2𝑏𝑝𝜑 − 2𝑒1

2𝑐𝑝𝜑 

= 𝑓1𝑏𝑝𝑝𝜁𝑝𝑑 − 𝑓1𝑐𝑝𝑝𝜁𝑝𝑑 + 𝑓1𝑏𝑝𝑝𝜁𝑝𝑙 + 𝑓1𝑐𝑝𝑝𝜁𝑝𝑙 

(11) 

𝑚𝑧𝑚𝑧2 + 2(𝑏𝑧 + 𝑏𝑧𝑝)𝑧2 + 2(𝑐𝑧 + 𝑐𝑧𝑝)𝑧2  

−2𝑏𝑧𝑧 − 2𝑐𝑧𝑧 − 2𝑏𝑏𝑧𝜃 − 2𝑏𝑐𝑧𝜃 
= 𝑏𝑧𝑝𝜉𝑧𝑑 + 𝑐𝑧𝑝𝜉𝑧𝑑 + 𝑏𝑧𝑝𝜉𝑧𝑙 + 𝑐𝑧𝑝𝜉𝑧𝑙 , 

(12) 

𝑗𝑥2𝜑2 + 2(𝑒2
2𝑏𝑧 + 𝑓2

2𝑏𝑧𝑝)𝜑2 + 2(𝑒2
2𝑐𝑧 + 𝑓2

2𝑐𝑧𝑝)𝜑2 

−2𝑒2
2𝑏𝑧𝜑 − 2𝑒2

2𝑐𝑧𝜑 
= −𝑓2𝑏𝑧𝑝𝜉𝑧𝑑 − 𝑓2𝑐𝑧𝑝𝜉𝑧𝑑 + 𝑓2𝑏𝑧𝑝𝜉𝑧𝑙 + 𝑓2𝑐𝑧𝑝𝜉𝑧𝑙 

(13) 
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1.2 Vibration data measurement and analysis 

 

The study tested vibration levels in several trucks from 

different areas of the globe. A more detailed article was 

written on this topic, which deals with both transport by 

road and rail. The 3X90 Shock and Vibration Enterprise 

(SAVER) Model was designed by the company, Lansmont 

Corp. (Monterey, CA, USA) (Fig. 2). It is a piezo-electric 

three-axis accelerometer that detects shock (impact, drop), 

vibration, temperature and moisture conditions in transport 

and handling. On the back of the platform, the recorders 

were mounted. This place provides the highest 

measurement of vertical vibration. 

 

1.3 Problem statement 
 

The curve has unconstrained in-plane vibration, as seen 

in Fig. 2. The curvature of the radius and its thickness are 

respectively R and H. For all exterior surfaces, additional 

surface effects are expected. For a curved Euler Bernoulli 

beam, the dynamic balance equations are given as: 

𝜕𝑣

𝜕𝜃
+ 𝑃 = 𝜌𝐴𝑅

𝜕2𝑢𝑟

𝜕𝑡2
+ 𝑅𝑏𝜌𝑠 (

𝜕2𝑢𝑟
+

𝜕𝑡2
+

𝜕2𝑢𝑟
−

𝜕𝑡2
) 

𝜕𝑃

𝜕𝜃
− 𝑉 = 𝜌𝐴𝑅

𝜕2𝑢𝜃

𝜕𝑡2
+ 𝑅𝑏𝜌𝑠 (

𝜕2𝑢𝜃
+

𝜕𝑡2
+

𝜕2𝑢𝜃
−

𝜕𝑡2
) 

;
𝜕𝑀

𝜕𝜃
+ 𝑅𝑉 = 0

 

(14) 

𝐹(𝜃, 𝑡) = the shearing force 

𝑃(𝜃, 𝑡) is the tensile force,  

A = the cross sectional area 

ρ = the mass density 

𝜌𝑠 = the surface density of the Nano ring  

𝑏 = the width of Nano ring In Eq. (1) 

𝑢̈𝑟
+=𝑢̈𝑟

+ = 𝑢̈𝑟
+, 𝑢̈𝜃

+ + 𝑢̈𝜃
−=2𝑢̈𝜃                     

(15) 

𝑃 −
1

𝑅

𝜕2𝑀

𝜕𝜃2=(𝜌𝐴𝑅 + 2𝑅𝑏𝜌𝑠)
𝜕2𝑢𝑟

𝜕𝑡2 ;  

  
𝜕𝑃

𝜕𝜃
 +

1

𝑅

𝜕𝑀

𝜕𝜃
= (𝜌𝐴𝑅 + 2𝑅𝑏𝜌𝑠)

𝜕2𝑢𝜃

𝜕𝑡2                

 

(16) 

1

𝑅
(
𝜕2𝑀

𝜕𝜃2
+

𝜕4𝑀

𝜕𝜃4
) + 𝑅 (

𝜕𝑃

𝜕𝜃
−

𝜕2𝑓

𝜕𝜃2
) 

= (𝜌𝐴𝑅 + 2𝑅𝑏𝜌𝑠) (
𝜕2𝑢𝑟

𝜕𝑡2
−

𝜕2𝑢𝑟

𝜕𝑡2𝜕𝜃2
) 

(17) 

𝐸𝐼

𝑅3
(
𝜕6𝑢𝑟

𝜕𝜃6
+ 2

𝜕4𝑢𝑟

𝜕𝜃4
+

𝜕2𝑢𝑟

𝜕𝜃2
) = (𝜌𝐴𝑅 + 2𝑅𝑏𝜌𝑠) 

(
𝜕2𝑢𝑟

𝜕𝑡2
−

𝜕2𝑢𝑟

𝜕𝑡2𝜕𝜃2
−

(𝑒0𝑎)2

𝑅2

𝜕2𝑢𝑟

𝜕𝑡2𝜕𝜃2
+

(𝑒0𝑎)2

𝑅2

𝜕6𝑢𝑟

𝜕𝑡4𝜕𝜃2
) 

(18) 

𝑢𝑟 = 𝑢̅𝑟(𝜃)𝑒𝑖(𝜔𝑛𝑡+𝜑) (19) 

𝜕6𝑢̅𝑟

𝜕𝜃6
+ 2

𝜕4𝑢̅𝑟

𝜕𝜃4
+

𝜕2𝑢̅𝑟

𝜕𝜃2
+ 𝛽𝑛 (𝑢̅𝑟 −

𝜕2𝑢̅𝑟

𝜕𝜃2
) = 0;   

𝛽𝑛
2 =

2𝜌𝐴𝑅4 + 4𝑅4𝑏𝜌𝑠

2𝐸𝐼
𝜔𝑛

2 

(20) 

𝑢𝑟 = sin (
𝑛𝜋

𝛼
𝜃) 𝑒𝑖(𝜔𝑛𝑡) (21) 

Ω𝑛
2 =

𝐸𝐼

𝑅3
(𝜆𝑛

6 − 2𝜆𝑛
4 + 𝜆𝑛

2 )

(𝜌𝐴𝑅 + 2𝑅𝑏𝜌𝑠) (1 + 𝜆𝑛
2 +

(𝑒0𝑎)2

𝑅2 𝜆𝑛
2 +

(𝑒0𝑎)2

𝑅2 𝜆𝑛
4)

 

(𝑅𝛼)4𝜌𝐴

𝐸𝐼
; 𝜆𝑛 =

𝑛𝜋

𝛼
 

(22) 

Ω𝑛0
2 =

𝐸𝐼(𝜆𝑛
6 − 2𝜆𝑛

4 + 𝜆𝑛
2 )

(𝜌𝐴𝑅4) (1 + 𝜆𝑛
2 +

(𝑒0𝑎)2

𝑅2 𝜆𝑛
2 +

(𝑒0𝑎)2

𝑅2 𝜆𝑛
4)

 

(𝑅𝛼)4𝜌𝐴

𝐸𝐼
; 𝜆𝑛 =

𝑛𝜋

𝛼
 

(23) 

 

 

2. Data collection 
 

The transport of trucks in this investigation was carried 

out on the country’s main distribution routes. Table 2 

describes the details of the truck shipping routes. The speed 

of the trucks observed ranged from 30-90km/h, with an 

average speed of 80-90km/h in good road conditions, while 

in poor circumstances (mostly double-highway) it was 30-

40 km/h. Figure 5 shows the Effect of Ply Orientation on 

the Vibration Characteristics. Table 2 shows an opening 

angle and a non-local impact for the first 3 non-dimensional 

frequencies. 

 
2.1 Data analysis 
 

The recorded acceleration amplitudes in the random 

vibration were analyzed as a function of frequency to 

determine the power density (PO) levels. The average PD 

within a narrow band of frequencies of the spectrum is 

calculated as follows 

𝑃𝐷 =
1

𝐵𝑊
∑(𝑅𝑀𝑆 𝐺𝑖

2)/𝑁

𝑛

𝑖=1

 (24) 

RMS 𝐺 𝑖 = the root mean square acceleration value 

measured in 𝑔 within a bandwidth (BW) of frequencies 

N = the number of instants sampled 

The matching PD levels are then traced against the 

bandwidth frequency to create the PSD plot. The PSD plot 

is the vibration magnitude variation in order to determine 

frequencies. Data from 1 to 100 Hz as displayed as the 

frequency range is the most responsible for damage to the 

package/product during shipment. Average power density 

spectra were calculated and displayed in a manner similar to 

previous research in conveying vibration measurement. 
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0° degree surface ply 

orientation 

15° degree surface ply 

orientation 

  
30° degree surface ply 

orientation 

45° degree surface ply 

orientation 

  
60° degree surface ply 

orientation 

75° degree surface ply 

orientation 

Fig. 5 The effect of ply orientation on the vibration 

characteristics 

 

 

2.2 The truck vibration measurement 
 

Fig. 6 shows the average PSD plot for transport on all 

axes. Data is also shown for lateral and longitudinal 

vibration. Because objects in their shape vary from 

spherical to elliptical, the damage done to every single 

product is the combination of vibrations and rotating effects 

of each fruit, together with dynamic compression in all 

three directions. Fig. 7 illustrates the density ranges of 

vibration observed by smaller city trailers used to carry 

products into retail shops from distribution facilities. The  

 

 
Fig. 6 3D graphical diagrams for surface effects on 

vibrational characteristics of public transportation 

 

 

results of Figs. 6 and 7 demonstrate that the vertical levels 

of vibration observed for motorway carriers are similar to 

the low-frequency levels of ASTM and 1STA (1-5 Hz). 

However, the vertical vibration levels are significantly 

lower in the higher frequency range for road transport by 

vehicle. In the high frequency zones, the vibration levels of 

a smaller car from the distribution center to shops (IDe) are 

usually greater (Fig. 7). From the field to the packing house, 

the greatest vibration intensity occurred was followed by 

PH to DC. Between DCs in retail shops, there were the  

Table 2. Opening angle and nonlocality effect on first three dimensionless frequencies with surface density (Ebrahimi 

and Daman 2017) 

 n = 1   n = 2   n = 3  

μ  Opening angle   Opening angle   Opening angle  

 π/8 π/4 π/2 π/8 π/4 π/2 π/8 π/4 π/2 

0 8.1476 7.5865 5.5955 33.1703 32.5904 30.3461 74.8767 74.2932 71.9936 

0.1 7.7730 7.2377 5.3383 28.8664 27.5954 25.6950 54.4898 54.0652 52.3917 

0.2 6.8988 6.4238 4.7379 20.6544 20.5933 18.8958 35.091 34.8175 33.7398 

0.3 5.9292 5.5209 4.0720 15.5453 15.2735 14.2217 24.9667 24.7721 24.0054 

0.4 5.0733 4.7239 3.4842 12.2630 12.0486 11.2189 19.1978 19.0481 18.4586 

0.5 4.3755 4.0742 3.0050 10.0610 9.8851 9.2044 15.5432 15.4221 14.9447 

0.6 3.8184 3.5554 2.6223 8.5046 8.3559 7.7805 13.0388 12.9372 12.5368 

0.7 3.3726 3.1404 2.3162 7.3540 7.2255 6.7279 11.2214 11.1339 10.7893 

0.8 3.0121 2.8047 2.0687 6.4722 6.3590 5.9211 9.8446 9.7679 9.4656 

0.9 2.7167 2.5296 1.8658 5.7762 5.6752 5.2844 8.7667 8.6984 8.4291 

1 2.4713 2.3011 1.6972 5.2136 5.1224 4.7697 7.9003 7.8387 7.5961 
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Fig. 8 (a) When the interface between A and B is 

displaced along the vector 𝑑𝑟    , the surface tension 

force acts on the three-phase line l in the direction of the 

normal 𝑛 . (b) Equilibrium of surface tension vectors at 

the three-phase line. (c) The Neumann’s triangle for a 

three-phase system. (d) The Neumann’s triangle for a 

three-phase system in the Wenzel state 

 

  
Fig. 9 (a) Unstable equilibrium corresponding to the 

maximum potential energy (b) A metastable equilibrium 

due to the stabilizing effect of the external force 
 

 

lowest total vibration levels. For vertical, lateral and 
longitudinal orientations, the grade levels are shown in 

Table 2. Fig. 9 indicates (a) the instability of the balance 

corresponding to the maximal energy potential, (b) a 

metastable balance due to the external force’s stabilizing 

impact. 
 

 

3. Analysis of simulation results 
 

Vibration impacts were evaluated in accordance with the 

international standard ISO 2631-1 (1997) (2631 1997) for 

the safety and comfort of bus riders (Fig. 8). It recommends 

the overall vibration value of weighted-wheel-average 

square-acceleration as a reference to evaluate comfortable 

vibration effects. This study investigates the comfort of 

weighted acceleration on the sites of drivers and passengers 

in relation to the computed root-mean square for the vertical 

direction. 

𝑍𝑟𝑚𝑠,𝑤 = √
1

𝑇
 ∫ 𝑧𝑤

2
𝑇

0

 

(𝑡)𝑑𝑡

 

(25) 

 

3.1 Analysis of seat oscillatory parameters effects on 
driver comfort 

 

Vibrations from the bus floor are conveyed to the 

driver’s body through the driver’s seat suspension system. 

Air spring (pneumatic balloon) and a hydraulic shock 

absorber are the main components of your driver sit 

suspension system. The effects of vibration on the comfort 

of the bus driver rely on spring rigidity and damping of the 

shock absorber. It is evident that the value of the driver 

vertical acceleration increases also when the steepness of 

the spring increases with a single fixed amount of the shock 

absorber damping. Fig. 10 illustrates the vertical 

acceleration signal resulting from measurements made in a 

previous study on the driver’s site of an intercity bus, IK-

302. On the “Aerodrome – Ikarbus” stretch with an asphalt-

concrete road in good condition, the signal was recorded at 

a constant speed of bus mobility at 100 km/h. A three-axis B 

& K, B & K 4321 type, was used for signal recording, and a 

B & K type amplifier was used to boost the accelerator 

output. Amplifier was chosen to correspond to a 1 V voltage 

and a 10 m/s2 acceleration. Fig. 7 illustrates the parallel 

representation of experimental data (black line) and 

simulations of vertical acceleration signals in the driver’s 

seat (red line). The vertical acceleration observed is 1:5 

meter = s2 and 1:2 meter = s2, with virtually all values in 

the range of 0:6 meters = s2, 0:6 meters = s2. The maximum 

values of the vertical acceleration of the driver obtained 

using simulation for the actual oscillatory parameters for the 

driver seat are: 1:3 m = s2 and 1:4 m = s2 (csv 1⁄4 10; 000 

N = m; bsv 1⁄4 750 Ns = m). The driver’s values for a 

longer period of time are 0.5 m = s2, 0:5 m = s2 for a 

comparable change in nature as a genuine acceleration 

signal for a greater proportion of the simulation duration. 

For vertical acceleration drives determined by 

measurements and simulations, Table 2 displays statistical 

results. The mean acceleration value of the measured driver 

is zero, while the mean acceleration value set by simulation 

is zero and 0:0006 m = s2. There are also somewhat 

different acceleration dispersions (0:40 for measurements 

and 0:2228 for simulation). Therefore, the oscillatory model 

of the bus provides a good evaluation of the vertical 

acceleration sign of the driver. It must be noted that the 

driver’s vertical acceleration signal values can be lowered 

with springs with a low steepness based on the findings of 

the simulation. Indeed, the highest values for the vertical 

acceleration of the driver are m = s2 for a spring rigidity of 

5000 N=m and the amplitude of the shock absorber of 750 

Ns=m. With 5000 N/m steepness and a 750 Ns/m damping 

coefficient, the lower root mean square of the weighted 

acceleration is 0:17 m = s2. For the spring stiffness of 

15,000 N/m and a shock absorber damping coefficient of 

400 Ns/m, the maximum mean raw square of the weighted 

driver’s acceleration is 0:31 m = s2. Fig. 9 illustrates the 

dependency of the root mean square on the vertical 

acceleration of the weighted driver as a function of spring 

rigidity and the damping coefficient of shock-absorbing. It 

is apparent that lower-root medium squares are given by 

chairs with reduced spring rigidity. With increasing spring 

rigidity and lower shock-absorber damping values, the root 

meaning of the weighted driver’s acceleration square 

increases. In Fig. 10, the minimum and maximum root 

mean squares of the weighted driver’s acceleration as well 

as the root mean square of the weighted acceleration for 

driver’s seat real oscillatory parameters are seen. 
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4. Conclusions 

 

The intercity bus IK-301 features a spatial oscillatory 

model outlined in the article. The model was utilized to 

assess drivers and passengers’ oscillatory comforts on their 

bus places. The root is the weighted driver’s acceleration 

square for 100 km = h and the excitation of asphalt concrete 

in very good condition, passengers in the center portion, 

0:23 m = s2, 0:30 m = s2, 0:62 m = s2, respectively, and the 

rear overhang is 0:23 m. The standard of 1997 ISO 2631-1 

provides for vibrational impacts on passenger comfort in the 

overhang rear of the bus based on the weighing criteria. The 

intercity bus IK-301 features a spatial oscillatory model 

outlined in the article. The model was utilized to assess 

drivers and passengers’ oscillatory comforts on their bus 

places. For 100 km = h and the excitation of asphalt-

concrete in very excellent condition, the root is the 

weighted driver’s acceleration square, passengers in the 

center portion, 0:23 m = s2, 0:30 m = s2, 0:62 m = s2, 

respectively, and the rear overhang is 0:23 m. The 

oscillatory comfort of the bus’s back hang and driver is 

dependent on spring stiffness and the damping of the shock 

absorbent on the driver’s seat suspension system vibrations 

for passenger comfort according to weighing criteria in 

1997 ISO 2631-1. The results of the simulation show that 

with the spring steadiness of 5000 N = m and the shock 

absorber damping of 750 Ns = m, the lowest root mean 

accelerating square of 0:17 m = s2 is given by the seat. For 

the seat with the greatest spring stiffness of 15, 000 N = m 

and the lowest damping shock absorber of 400 Ns = m, the 

highest mean root square with a weighted acceleration of 

0:31 m = s2 was obtained. This median root square value in 

the public transportation sector is around the comfort limit 

of 0:315 m = s2 following the ISO 2631-1 standard from 

1997. 
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