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1. Introduction 
 

Small-scale structures and materials are a very appealing 

choice for designers to employ to manufacture more 

efficient devices with higher durability, as micro and 

nanotechnology offer new designs that enhance the 

structures’ preferred properties (Raja et al. 2004). Small-

scale technology can increase the stiffness of the structures, 

lower the weight, increase the durability, and make the 

structure less prone to fracture, making it ideal for the 

devices used for the structures that are utilized by children. 

Nowadays, the population of overweighted children is 

rising over the world. Being overweight in the early stages 

of life can cause various health problems, such as diabetes 

and cardiovascular problems (Singh et al. 2008). It has been 

shown that there is a direct relationship between low 

physical activities and overweighted children (Rennie et al. 

2005). Thus, it is essential to encourage children to do 

physical activities. With this in mind, there are various 

types of equipment by which children can perform their 

physical activities (Maher et al. 2008). Children can use 

various indoor and outdoor facilities, such as climbing 

structures, jumping equipment, slides, balancing surfaces, 

merry-go-rounds, and see-saws (Gubbels et al. 2012). 

With the aid of small-scale technologies, scientists have 

reached a better and more efficient design for various 

devices with more durability (Naderi et al. 2021). Plastic is 

one of the most utilized materials in children’s toys and 

excersise equipment. Plastic materials are not only not as 

strong as the new types of nanocomposites but also toxic to 

nature (Xu et al. 2021b). There has been much effort  
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devoted to finding a replacement for such materials. 

Nanocellulose is one of the nano-based composites which 

can be built from biological wastes (Shreedhana and 

Ilavarasi 2020). These materials are quite strong and 

resistant to fracture. Additionally, nanocellulose is nature-

friendly and can be degraded in nature. Also, toys made of 

such materials, unlike plastics, are not toxic to children 

(Mann et al. 2018). 

It has been shown that the nano- and micro-structures 

mechanical characteristics can be altered as the structure’s 

size is changed. Therefore, it is vital to investigate various 

size-dependent factors related to these structures (Fakher et 

al. 2020). In this regard, different papers studied small-size 

systems’ vibration (Naderi et al. 2020), buckling (Aydogdu 

2009), bending (Malikan and Eremeyev 2020), and stability 

(Baghani et al. 2016). The stability margin is considered the 

functional region in which the device can be implemented. 

With this in mind, the stability analysis associated with 

small-scale structures such as beams (Karličić et al. 2018), 

wires (Guo et al. 2016), and plates (Kolahchi et al. 2016) is 

explored. For example, Tsai and Chen (2002) investigated 

the dynamic stability associated with a wire made of 

memory alloy composite. They utilized harmonic balance 

along with the finite element method to extract their results. 

Also, the vibrational behavior as well as dynamic and static 

stability of beams made of FG materials were studied with 

the help of GDQM as the numerical solution (Chen et al. 

2019). The stability analysis related to FG microbeams was 

presented by implementing Timoshenko and modified 

couple stress theories (Ke and Wang 2011). In the 

mentioned article, the results were obtained by using the 

DQ method. In addition, Fu et al. (2009) carried out a paper 

on the nonlinear dynbamic stability of microbeams made of 

viscoelastic materials based on Galerkin method and Euler-

Bernoulli. According to isogeometric procedure, the 
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dynamic stability of plates whose constitutive material is 

porous media was investigated (Pham and Nguyen 2022). 

On basis of HSDT and MCST, the stability formulation 

related to three-layered plates made of reinforced 

composites was attained and solved via DQM (Emdadi and 

Mohammadimehr 2021). The stability investigation on the 

laminated composite disks was done trough MCST and 

GDQM (Al-Furjan et al. 2021). The plate was assumeds to 

be resting on a viscoelastic medium. 

There are different theories by which the small-scale 

structures can be mathematically formulated to investigate 

the structure’s size-dependent behavior. Two-phase theory 

(Naderi et al. 2022), nonlocal elasticity (Eringen and Edelen 

1972), and modified couple stress (Park and Gao 2006) are 

among the most implemented hypothesis (Bai et al. 2021, 

Hu et al. 2021, Ning et al. 2021, Sheng et al. 2021, Han et 

al. 2022, Zhang et al. 2022b, Zhou et al. 2022). Regarding 

this, Asghari et al. (2010), by utilizing Timoshenko together 

with modified couple stress theories, presented the 

nonlinear formulation associated with microbeams with 

simply supported end conditions. Also, the nonlinear 

dynamic behavior of microbeams was explored via the 

Galerkin method and MCST (Ghayesh et al. 2013). Next, it 

can refer to the work by Park and Gao (2008) in which the 

variational formulation and implementation of MCST is 

presented. 

Plastics are the primary fundamental material for 

producing children’s physical exercise equipment, however, 

they are hazardous to the environment, so the alternative 

materials that are harmless to the environment should be 

replaced. Wood is a good alternative, but they are limited, 

and its reproduction is timely and high-cost. In this regard, 

the current paper investigates the impact of using various 

types of materials such as plastic, wood, nanocellulose, and 

nanocomposites on the static bending of wires. The 

formulations of small-scale wire are obtained by means of 

the energy method as well as modified couple stress theory. 

The results are extracted via the Navier solution procedure. 

The results are validated by comparing them to those from 

other published data. The influence of factors such as small-

scale parameters and geometrical characteristics on the mid-

displacement of wires is explored. 

 

 

2. Description of problem 
 
2.1 Physical activities and exercise 
 

Physical activity refers to a wide range of movements, 

particularly major skeletal muscles. Small skeletal muscle 

activities (e.g., playing board games, sketching, writing) are 

necessary for the body, however, these activities do not 

have as many advantages as extensive activities which 

require much energy. 

Physical activity is classified according to its duration, 

intensity, and frequency: 

• The duration of a physical exercise session is the 

amount of time spent engaging in it. 

• The energy expenditure rate is defined as intensity. 

• The amount of physical activity sessions over a certain 

time period is referred to as frequency (e.g., one week). 

Exercise consists of planned and organized activities 

that maintain or develop one or more components of 

physical fitness. “physical activity” and “exercise” are 

sometimes utilized interchangeably. “Physical activity,” on 

the other hand, refers to a broad range of activities that 

enhance well-being and health, while “exercise” is 

connected with maintenance of fitness or developing it. To 

accomplish certain fitness and performance objectives, 

people must concentrate on the frequency, intensity, and 

length of exercise sessions. 

Physical activity programs assist to prepare children and 

adolescents for a lifetime of physical exercise. The manner 

in which health professionals deliver physical activity 

programs to children and adolescents may have a 

substantial impact on their degree of physical activity 

involvement. As a result, it is critical for health 

professionals who care for children and adolescents to 

understand the fundamentals of physical education 

programs. 

Physical exercise is classified into two types: lifestyle 

and structured (or systematic). Walking, climbing stairs, 

performing chores, and playing are examples of lifestyle 

physical exercise. Structured physical activity refers to 

programs (for example, sports and instructional programs in 

dancing, gymnastics, and swimming) that aim to improve 

the quality and/or intensity of physical exercise. Structured 

physical exercise aids in the development of muscular 

strength and endurance, flexibility, and cardiovascular 

fitness in children and adolescents, as well as the attainment 

and maintenance of a healthy weight. 

Structured physical activity programs are classified into 

two types:  

• Physical education programs during the school day 

• physical activities done at school or in non-school 

places.  

There are guidelines available for analyzing and 

developing school and community initiatives to encourage 

physical exercise for children and adolescents. Policy, 

health education, the environment, physical education, 

parental participation, staff training, health services, 

community programs, extracurricular activities, and 

program assessment are all addressed in these standards. 

 

2.2 Materials used for children’s physical exercise 
equipment 

 
There are several rules in place across the globe to 

regulate and control the use of hazardous additives and 

possibly deadly substances in plastic toys. Chemicals in 

toys and childcare items, for example, are controlled in 

Europe by the Toy Safety Directive 2009/48/EC, which 

restricts or prohibits the use of more than 70 compounds 

(e.g., phthalates, allergenic fragrances, reducing agents). 

Phthalates plasticizers are controlled in North America 

under the Consumer Product Safety Act in Canada and the 

Consumer Product Safety Improvement Act (CPSIA) in the 

United States. Similarly, phthalate additive rules are in 

place in certain other nations, including Japan and Egypt. 

However, there is a lack of a uniform worldwide strategy to 
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regulate chemicals in children’s goods and toys 

internationally. Existing restrictions often concentrate on 

specific chemicals (e.g., phthalates, brominated flame 

retardants, and metals), rather than the whole variety of 

chemical compounds contained in plastic toys. Furthermore, 

certain harmful and prohibited compounds are still 

discovered in plastic toys on controlled markets, for 

example, due to recycling harmful plastics, manufacturer 

ignorance, or a lack of restrictions in the manufacturing 

nation. Throughout this work, “toy materials” connected to 

any type of material, plastic as well as non-plastic, while 

“plastic toy materials” are plastic polymer matrices 

(Aurisano et al. 2021). 

Chemical risk screening methodologies created for 

alternative evaluation and chemical replacement are a good 

place to start when comparing the numerous chemicals in 

plastic toys for possible exposure and danger. Existing 

technologies, however, lack effective ways for quantifying 

exposure for the hundreds of commercially available 

chemical-material combinations. High-throughput screening 

technologies might be used instead to quantify exposure to 

toxins in different toy materials (Aurisano et al. 2021). 
 

2.3 The alternative material for the child’s toys and 
physical exercise equipment 

 

Nanomaterials, due to their optical features, uniformity, 

and conductivity are an exciting choice for scholars to 

investigate. Researchers in different fields such as physics, 

biology, mechanics, and chemistry are studying the 

application of these structures, which cannot be seen 

without an electron microscope. These materials are 

between bulk and molecular materials, showing extensive 

features. 

Nanomaterials are broadly utilized in plastics, paints, 

ceramics, etc., which makes them a source of pollution on 

the Earth. They are produced via meteorological, 

cosmological, and geological processes.  

Nanomaterials, which are materials including one 

particle on nanoscale, can be produced through industrially 

engineering, natural processes, and a byproduct of other 

processes. Currently, there are various investigations on the 

nanoscale material and structures are being done to 

understand and find the usage of these materials. It has been 

shown that these materials can be employed in the 

electrical, cosmetic, healthcare, and sports industries. With 

this in mind, one of the newest implementations of these 

materials is controlling the land, air, and water pollution. 

Nanomaterials can be employed to confront pollution in 

various ways, one of which is using these materials as the 

catalyst to absorb pollutants such as carbon dioxide. 

Another thing that nanotechnology can help us with is that 

the sensors manufactured on a nano-scale can detect toxic 

materials with higher precisions. Also, these materials can 

absorb pollutants and turn them into usable materials such 

as alcohol (Habibi et al. 2016, 2018b, Ebrahimi et al. 

2019a, Esmailpoor Hajilak et al. 2019).  

In addition, nanomaterials are able to absorb the dye, 

which is the byproduct of the leather and textile industries. 

These toxic materials can harm the human body as well as 

animals and plants. Nanomaterials help to absorb the toxic 

materials together with the oils which are released in the 

water (Habibi et al. 2018a, 2019b, d, e, Pourjabari et al. 

2019, Safarpour et al. 2019a). 

Also, nanomaterials are able to digest organic wastes, 

whose degradations are usually too slow. These materials 

can be digested much faster with the aid of nanomaterials 

(Habibi et al. 2019a, Safarpour et al. 2019b, Alipour et al. 

2020, Ebrahimi et al. 2020a, Chen et al. 2022).  

Nanocellulose is one of the nanomaterials which can be 

utilized instead of common plastic. Nanocellulose, extracted 

from the carbohydrates of wood or cotton, is one of the 

most abundant substances on Earth. These materials are 

strong, lightweight, able to conduct electricity, and 

transparent. Also, they can reduce the usage of fossil oils to 

produce toxic plastics. They can replace plastic in food 

packages and protective layers (Habibi et al. 2017, 2019c, 

Safarpour et al. 2018, 2020, Ghazanfari et al. 2020). 

Additionally, nanocellulose is implemented for building 

flexible screens, medical implants, and repairing damaged 

tissue in the body (Ebrahimi et al. 2019b, c, 2020b, 

Mohammadi et al. 2019, Mohammadgholiha et al. 2019, 

Habibi et al. 2020, Shariati et al. 2020a, Shokrgozar et al. 

2020). 

Plastic is cheap, easy to shape, and strong in production, 

however, plastic trash is a quickly developing 

environmental problem. Around 40% of wasted plastic is 

from packaging. Thus, there is a need to make a 

replacement for the plastics which have the durability and 

ability to be degraded in nature. Regarding this, the paper 

can be a good choice as they are adaptable and can be 

recycled. However, they are not as robust as Nanocellulose 

is. Nanocellulose causes no harm even if it is eaten 

(Hashemi et al. 2019, Moayedi et al. 2019, 2020a, 2020b, 

Oyarhossein et al. 2020, Shariati et al. 2020b). 

The wood fiber, extracted from wood, can be utilized to 

make cellulose fibers via chemical process. With the aid of 

the cellulose molecule’s bundle, the nanocellulose can be 

joined together and make a firm bond. Also, the 

nanocellulose can help with extracting the oil as it can alter 

the viscosity of water when it is added to water (Hashemi et 

al. 2019, Al-Furjan et al. 2020e, Cheshmeh et al. 2020, Lori 

et al. 2020, Najaafi et al. 2020, Shariati et al. 2020c). 

Nanocelluloses are non-toxic, can be degraded in nature, 

are very strong, and can transmit electricity. These materials 

can be produced in a quite small scales, nano or micro (Al-

Furjan et al. 2020c, d, f, Bai et al. 2020, Li et al. 2020a, 

Zhang et al. 2020, Guo et al. 2021b, Liu et al. 2021a). 

In high quantities, they are produced cost-effectively. 

When used as a basis for foams and aerogels, nanocellulose 

is highly absorbent. It is the Earth’s most abundant polymer. 

Additionally, nanocellulose can be produced with a 

reasonable price. Thus, nanocellulose, due to its remarkable 

features such as lightweight and extraordinary strength, can 

be employed in various parts of engineering devices, 

medical devices, packaging, oil industries, and even toys for 

children (Adamian et al. 2020, Al-Furjan et al. 2020a, b, Li 

et al. 2020b, Zare et al. 2020, Dai et al. 2021b). 
 

2.4 Mechanical simulation and stability analysis 
 

This section presents the stability analysis regarding the 
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bending behavior of the small-scale structures of both 

plastic, wood, and nano-cellulose (Li et al. 2021, Si et al. 

2021, Zhang et al. 2021a, Wang et al. 2022c). Accordingly, 

a wire structure made of both mentioned materials is 

assumed based on the Euler-Bernoulli beam theory as well 

as the modified couple stress theory (Wang et al. 2022a, 

Zhang et al. 2022a, Cheng et al. 2023). Concerning these 

theories, the potential energy (P) will be presented as 

follows (Hou et al. 2021, Huang et al. 2021b, Xu et al. 

2021a, Wang et al. 2022b): 

 (1) 

where ‘m’ is the deviatoric sections (Shafiei and She 2018, 

Shafiei et al. 2019, 2020). Additionally, ‘χ’ denote 

symmetric curvature equation related to small-scale theory. 

Also, ‘σ’ and ‘ε’ defined the stress and strain equations. 

They are defined as follows (Ebrahimi and Shafiei 2017, 

Ghadiri et al. 2017e, Mirjavadi et al. 2017a, Shafiei and 

Kazemi 2017a, Shafiei et al. 2017d, Azimi et al. 2018): 

( )2
T

 = + 
 

(2a) 

22m l= 
 

(2b) 

In which Lamé constants are ‘λ’ as well as ‘μ’. Also, ‘l’ 

is the size-effect parameter of couple stress theory (Ehyaei 

et al. 2017, Ghadiri et al. 2017c, d, Mirjavadi et al. 2017d, 

Shafiei and Kazemi 2017b, Shafiei et al. 2017c). 

2 2u x z w x =   −  
 

(2c) 

E = 
 (2d) 

The virtual energy of external work (bending force, η) is 

assumed as follows (Ghadiri et al. 2017a, b, Mirjavadi et al. 

2017b, c, Shafiei et al. 2017a, b): 

 (3) 

Then, on the basis of the energy method, which is 

presented as follows (Ebrahimi and Shafiei 2016, Shafiei et 

al. 2016c, d, f, Ebrahimi et al. 2017, Shivanian et al. 2017): 

 (4) 

The governing equation due to the bending response of 

small-scale wire is presented by substituting Eqs. (1) and 

(3) into Eq. (4). 

 (5) 

where 

 (6) 

where ‘E’ is the elasticity modulus, ‘ν’ is the Poisson ratio, 

‘I’ and ‘A’ are the second-moment area of the wire (Azimi 

et al. 2016, Ghadiri and Shafiei 2016a, c, Shafiei et al. 

2016a, e, g). Also, the boundary conditions are as follows 

Ghadiri and Shafiei 2016b, Ghadiri et al. 2016a, b, c, d, 

Shafiei et al. 2016b): 

 
(7a) 

 
(7b) 

  

2.5 Solving procedure 

 

The Navier solution is used for the problem, so the 

following assumption is necessary (Liu et al. 2020a, Wang 

et al. 2020, Zhou et al. 2020, Dai et al. 2021a, Guo et al. 

2021a, Shao et al. 2021, Wu and Habibi 2021). 

 (7) 

where ‘w’ is the lateral displacement. Finally, the bending 

deflection will be obtained by substituting Eq. (8) into 

governing equation (Liu et al. 2020b, Habibi et al. 2021, He 

et al. 2021, Huang et al. 2021a, Liu et al. 2021b, Zhang et 

al. 2021). 

 (9) 

where 

 
(10a) 

 
(10b) 

  

 

3. Discussion of results 

 

As explained in detail, plastics are the primary 

fundamental material for producing children’s physical 

exercise equipment, however, they are hazardous to the 

environment, so the alternative materials that are harmless 

to the environment should be replaced. Wood is a good 

alternative, but they are limited, and its reproduction is 

timely and high-cost. The nanocellulose can be a good 

choice, according to the previous explanation. As a result, in 

this section, the stability analysis of small-scale wire 

structures for plastic (Harper 2000), wood (Bodig and Jayne 

1993), nanocellulose (Dufresne 2013) along with the 

nanocomposite materials (Srivastava and Kumar 2019) will 

be presented, and their results will be compared and 

investigated in detail. In which the mechanical properties of 

these materials are presented in Table 1. 

In investigating the numerical examples, the validation 

of results are one of the major steps toward the study. To do 

so, Table 2 is presented in this article. In this Table, the mid-

displacement associated with a wire are extracted and 

compared with various beam types. The close agreement 

between the deflection obtained through current formulations 

and those from other references indicates the validity and 

accuracy of the presented model.  

Now, the impact of various parameters on the static  

( )2 : :P m dv= + 

( )V w dv = − 

0V P + =

2 4 4 4 4

10 22l Q w x Q w x  +   = −

( )10

22

0.5 / 1Q EA

Q EI

+   
=   

   

( ) ( )2

, 22 10 ,: 0x xxw Q Q l w + =

( ) ( )2

10 22 ,: 0xxxw Q l Q w + =

( )
1

sin /q

q

w W xq L


=

= 

( )
0

sin /
q

w x q L


=


= 




( )
2

sin /x q L dx
L

 =  

( )( )
42

10 22 /l Q Q p L = + 
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Table 1 Elastic modulus (E) and Poisson ratio (ν) of wood, 

plastic, and nanocellulose (Bodig and Jayne 1993, Harper 

2000, Dufresne 2013, Srivastava and Kumar 2019) 

 E (GPa) ν 

Wood (Cedrella spp) 8.06 0.4 

Plastic 2.76 0.4 

Nanocellulose 100 0.4 

Nanocomposite materials 46.1309 0.3 

 

 

deflection associated with the wire made of different 

materials, including wood, plastic, nanocomposites, and 

nanocellulose, is investigated. Firstly, the variation of 

dimensionless mid-deflection of the wires is plotted versus 

the small-scale parameter in Fig. 1. it can be seen that the 

highest deflection is associated with the wire made of 

plastic, regardless of the small-scale factor value. Also, the 

wire made of nanocellulose has the lowest deflection. Also. 

It is apparent that the wire deflection is reduced by 

increasing the small-scale parameter, showing the stiffening 

effect of this parameter. It can be mentioned that the 

difference in deflection between the wires with different  

 

 

Table 2 Validity of dimensionless center deflection 

(100𝑤𝐸𝐼/𝜂𝐿3) regarding the bending analysis (point load) 

in comparison to results of Reddy (2007) 

 Deflection 

Levinson beam theory (Reddy 2007) 1.9450 

Reddy beam theory (Reddy 2007) 1.9449 

Timoshenko theory (Reddy 2007) 1.9449 

Classic beam theory (Reddy 2007) 1.9444 

 

 

constitutive materials is reduced by intensifying the small-

scale factor. 

Next, the wire’s mid-deflection is plotted versus the wire 

radius in Fig. 2. Similar to the previous figure, the lowest 

deflection is related to the wires made of nanocellulose and 

nanocomposites. Also, the wire made of plastic has much 

higher deflection in comparison with the ones made of other 

materials. It is notable that the wire displacement is 

heightened by increasing the wire’s radius. Also, it is 

interesting that the deflection of wires made of 

nanocellulose and nanocomposites are hardly at the mercy 

of wire radius. 

 
Fig. 1 Effect of the size-dependent parameter (l) on the dimensionless center deflection (10𝜋2𝑤𝐸𝑝𝑙𝑎𝑠𝑡𝑖𝑐𝐼/𝜂𝐿

3) of 

small-scale wire versus the different materials, L/R=35 

 
Fig. 2 Impact of the radius of nanowire on the bending deflection ((10𝜋2𝑤𝐸𝑝𝑙𝑎𝑠𝑡𝑖𝑐𝐼/𝜂𝐿

3)) due to the point load of 

regarding different material, l/L=1, L=800 (nm) 
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Lastly, in order to investigate the effect of length to 

radius ratio on the static displacement of the wire, Fig. 3 is 

presented. This figure plots the wire deflection against the 

length to radius ratio. This figure indicates that the bigger 

the length to radius ratio is, the lower the deflection of the 

wire can be. However, this effect can be seen better in the 

wires made of plastics, and the difference between the 

deflection of the wire made of plastic and other materials is 

gotten lower as the higher values of the length to radius 

ratio is utilized. 
 

 

4. Conclusions 

 

Plastics are the primary fundamental material for 

producing children’s physical exercise equipment, however, 

they are hazardous to the environment, so the alternative 

materials that are harmless to the environment should be 

replaced. Wood is a good alternative, but they are limited, 

and its reproduction is timely and high-cost. In this regard, 

the current paper investigates the impact of using various 

types of materials such as plastic, wood, nanocellulose, and 

nanocomposites on the static bending of wires. The 

formulations of small-scale wire are obtained by means of 

the energy method as well as modified couple stress theory. 

The results are extracted via the Navier solution procedure. 

The results are validated by comparing them to those from 

other published data. The influence of factors such as small-

scale parameters and geometrical factors on the mid-

displacement of wires are explored, and here are some of 

the highlighted conclusions: 

• The wire displacement is heightened by increasing the 

wire’s radius. 

• The bigger the length to radius ratio is, the lower the 

deflection of the wire can be. 

• The highest deflection is associated with the wire made 

of plastic. 

• The wire deflection is reduced by increasing the small-

scale parameter, showing the stiffening effect of this 

parameter. 

• The wire made of nanocellulose has the lowest 

deflection. 

 
 

Acknowledgement 
 

2020 national social science fund project: The 

construction and application research of the infant physical 

education model in our country from the structural 

theoretical perspective, subject No. 20BTY003 
 
 
References 
 
Adamian, A., Safari, K.H., Sheikholeslami, M., Habibi, M., Al-

Furjan, M. and Chen, G. (2020), “Critical temperature and 

frequency characteristics of GPLs-reinforced composite doubly 

curved panel”, Appl. Sci., 10(9), 3251.  

https://doi.org/10.3390/app10093251. 

Al-Furjan, M., Dehini, R., Khorami, M., Habibi, M. and won Jung, 

D. (2020a), “On the dynamics of the ultra-fast rotating 

cantilever orthotropic piezoelectric nanodisk based on nonlocal 

strain gradient theory”, Compos. Struct., 112990.  

https://doi.org/10.1016/j.compstruct.2020.112990. 

Al-Furjan, M., Fereidouni, M., Habibi, M., Abd Ali, R., Ni, J. and 

Safarpour, M. (2020b), “Influence of in-plane loading on the 

vibrations of the fully symmetric mechanical systems via 

dynamic simulation and generalized differential quadrature 

framework”, Eng. Comput., 1-23.  

https://doi.org/10.1007/s00366-020-01177-7. 

Al-Furjan, M., Fereidouni, M., Sedghiyan, D., Habibi, M. and won 

Jung, D. (2020c), “Three-dimensional frequency response of the 

CNT-Carbon-Fiber reinforced laminated circular/annular plates 

under initially stresses”, Compos. Struct., 113146.  

https://doi.org/10.1016/j.compstruct.2020.113146. 

Al-Furjan, M., Habibi, M., won Jung, D. and Safarpour, H. 

(2020d), “Vibrational characteristics of a higher-order laminated 

composite viscoelastic annular microplate via modified couple 

stress theory”, Compos. Struct., 113152.  

https://doi.org/10.1016/j.compstruct.2020.113152. 

Al-Furjan, M., Moghadam, S.A., Dehini, R., Shan, L., Habibi, M. 

and Safarpour, H. (2020e), “Vibration control of a smart shell 

reinforced by graphene nanoplatelets under external load: Semi-

numerical and finite element modeling”, Thin Wall. Struct., 

107242. https://doi.org/10.1016/j.tws.2020.107242. 

Al-Furjan, M., Oyarhossein, M.A., Habibi, M., Safarpour, H. and 

Jung, D.W. (2020f), “Frequency and critical angular velocity 

characteristics of rotary laminated cantilever microdisk via two-

dimensional analysis”, Thin Wall. Struct., 157, 107111.  

 

Fig. 3 Influence of aspect ratio (L/R) on the central bending deflection of nanowire produced by different materials 

concerning the point load, R=30(nm) 

278



 

Research on the application of nanocomposite materials in children's physical exercise equipment 

https://doi.org/10.1016/j.tws.2020.107111. 

Al-Furjan, M.S.H., Samimi-Sohrforozani, E., Habibi, M., Jung, 

D.w. and Safarpour, H. (2021), “Vibrational characteristics of a 

higher-order laminated composite viscoelastic annular 

microplate via modified couple stress theory”, Compos. Struct., 

257, 113152. https://doi.org/10.1016/j.compstruct.2020.113152. 

Alipour, M., Torabi, M.A., Sareban, M., Lashini, H., Sadeghi, E., 

Fazaeli, A., Habibi, M. and Hashemi, R. (2020), “Finite element 

and experimental method for analyzing the effects of martensite 

morphologies on the formability of DP steels”, Mech. Based 

Des. Struct. Mach., 48(5), 525-541.  

https://doi.org/10.1080/15397734.2019.1633343. 

Asghari, M., Kahrobaiyan, M.H. and Ahmadian, M.T. (2010), “A 

nonlinear Timoshenko beam formulation based on the modified 

couple stress theory”, Int. J. Eng. Sci., 48(12), 1749-1761.  

https://doi.org/10.1016/j.ijengsci.2010.09.025. 

Aurisano, N., Huang, L., Milà i Canals, L., Jolliet, O. and Fantke, 

P. (2021), “Chemicals of concern in plastic toys”, Environ Int., 

146, 106194. https://doi.org/10.1016/j.envint.2020.106194. 

Aydogdu, M. (2009), “A general nonlocal beam theory: Its 

application to nanobeam bending, buckling and vibration”, 

Physica E, 41(9), 1651-1655.  

https://doi.org/10.1016/j.physe.2009.05.014. 

Azimi, M., Mirjavadi, S.S., Shafiei, N. and Hamouda, A.M.S. 

(2016), “Thermo-mechanical vibration of rotating axially 

functionally graded nonlocal Timoshenko beam”, Appl. Phys. A, 

123(1), 104. https://doi.org/10.1007/s00339-016-0712-5. 

Azimi, M., Mirjavadi, S.S., Shafiei, N., Hamouda, A.M.S. and 

Davari, E. (2018), “Vibration of rotating functionally graded 

Timoshenko nano-beams with nonlinear thermal distribution”, 

Mech. Adv. Mater. Struct., 25(6), 467-480.  

https://doi.org/10.1080/15376494.2017.1285455. 

Baghani, M., Mohammadi, M. and Farajpour, A. (2016), 

“Dynamic and stability analysis of the rotating nanobeam in a 

nonuniform magnetic field considering the surface energy”, Int. 

J. Appl. Mech., 08(4), 1650048.  

https://doi.org/10.1142/S1758825116500484. 

Bai, Y., Alzahrani, B., Baharom, S. and Habibi, M. (2020), “Semi-

numerical simulation for vibrational responses of the 

viscoelastic imperfect annular system with honeycomb core 

under residual pressure”, Eng. Comput., 1-26.  

https://doi.org/10.1007/s00366-020-01191-9. 

Bai, Y., Nardi, D.C., Zhou, X., Picón, R.A. and Flórez-López, J. 

(2021), “A new comprehensive model of damage for flexural 

subassemblies prone to fatigue”, Comput. Struct., 256, 106639.  

https://doi.org/10.1016/j.compstruc.2021.106639. 

Bodig, J. and Jayne, B.A. (1993), Mechanics of Wood Composites. 

Reprinted edition, Kreiger Publishing Company, U.S.A. 

Chen, F., Chen, J., Duan, R., Habibi, M. and Khadimallah, M.A. 

(2022), “Investigation on dynamic stability and aeroelastic 

characteristics of composite curved pipes with any yawed 

angle”, Compos. Struct., 115195.  

https://doi.org/10.1016/j.compstruct.2022.115195. 

Chen, X., Lu, Y. and Li, Y. (2019), “Free vibration, buckling and 

dynamic stability of bi-directional FG microbeam with a 

variable length scale parameter embedded in elastic medium”, 

Appl. Math. Modell., 67, 430-448.  

https://doi.org/10.1016/j.apm.2018.11.004. 

Cheshmeh, E., Karbon, M., Eyvazian, A., Jung, D.w., Habibi, M. 

and Safarpour, M. (2020), “Buckling and vibration analysis of 

FG-CNTRC plate subjected to thermo-mechanical load based 

on higher order shear deformation theory”, Mech. Based Des. 

Struct. Mach., 1-24.  

https://doi.org/10.1080/15397734.2020.1744005. 

Cheng, F., Wang, H., Zong, G., Niu, B. and Zhao, X. (2023), 

“Adaptive finite-time command-filtered control for switched 

nonlinear systems with input quantization and output 

constraints”, Circ. Syst. Signal Pr., 42(1), 147-172.  

https://doi.org/10.1007/s00034-022-02088-2. 

Dai, Z., Jiang, Z., Zhang, L. and Habibi, M. (2021a), “Frequency 

characteristics and sensitivity analysis of a size-dependent 

laminated nanoshell”, Adv. Nano Res., 10(2), 175.  

https://doi.org/10.12989/anr.2021.10.2.175. 

Dai, Z., Zhang, L., Bolandi, S.Y. and Habibi, M. (2021b), “On the 

vibrations of the non-polynomial viscoelastic composite open-

type shell under residual stresses”, Compos. Struct., 113599.  

https://doi.org/10.1016/j.compstruct.2021.113599. 

Dufresne, A. (2013), “Nanocellulose: A new ageless 

bionanomaterial”, Mater. Today, 16(6), 220-227.  

https://doi.org/10.1016/j.mattod.2013.06.004. 

Ebrahimi, F., Habibi, M. and Safarpour, H. (2019a), “On modeling 

of wave propagation in a thermally affected GNP-reinforced 

imperfect nanocomposite shell”, Eng. Comput., 35(4), 1375-

1389. https://doi.org/10.1007/s00366-018-0669-4. 

Ebrahimi, F., Hajilak, Z.E., Habibi, M. and Safarpour, H. (2019b), 

“Buckling and vibration characteristics of a carbon nanotube-

reinforced spinning cantilever cylindrical 3D shell conveying 

viscous fluid flow and carrying spring-mass systems under 

various temperature distributions”, Proceedings of the 

Institution of Mechanical Engineers, Part C: Journal of 

Mechanical Engineering Science, 233(13), 4590-4605.  

https://doi.org/10.1177/0954406219832323. 

Ebrahimi, F., Hashemabadi, D., Habibi, M. and Safarpour, H. 

(2020a), “Thermal buckling and forced vibration characteristics 

of a porous GNP reinforced nanocomposite cylindrical shell”, 

Microsyst. Technol., 26(2), 461-473.  

https://doi.org/10.1007/s00542-019-04542-9. 

Ebrahimi, F., Mohammadi, K., Barouti, M.M. and Habibi, M. 

(2019c), “Wave propagation analysis of a spinning porous 

graphene nanoplatelet-reinforced nanoshell”, Wave. Random 

Complex Med., 1-27.  

https://doi.org/10.1080/17455030.2019.1694729. 

Ebrahimi, F. and Shafiei, N. (2016), “Application of Eringen’s 

nonlocal elasticity theory for vibration analysis of rotating 

functionally graded nanobeams”, Smart Struct. Syst., 17(5), 

837-857. https://doi.org/10.12989/sss.2016.17.5.837. 

Ebrahimi, F. and Shafiei, N. (2017), “Influence of initial shear 

stress on the vibration behavior of single-layered graphene 

sheets embedded in an elastic medium based on Reddy’s higher-

order shear deformation plate theory”, Mech. Adv. Mater. 

Struct., 24(9), 761-772.  

https://doi.org/10.1080/15376494.2016.1196781. 

Ebrahimi, F., Shafiei, N., Kazemi, M. and Mousavi Abdollahi, 

S.M. (2017), “Thermo-mechanical vibration analysis of rotating 

nonlocal nanoplates applying generalized differential quadrature 

method”, Mech. Adv. Mater. Struct., 24(15), 1257-1273.  

https://doi.org/10.1080/15376494.2016.1227499. 

Ebrahimi, F., Supeni, E.E.B., Habibi, M. and Safarpour, H. 

(2020b), “Frequency characteristics of a GPL-reinforced 

composite microdisk coupled with a piezoelectric layer”, Eur. 

Phys. J. Plus. 135(2), 144.  

https://doi.org/10.1140/epjp/s13360-020-00217-x. 

Ehyaei, J., Akbarshahi, A. and Shafiei, N. (2017), “Influence of 

porosity and axial preload on vibration behavior of rotating FG 

nanobeam”, Adv. Nano Res., 5(2), 141.  

https://doi.org/10.12989/anr.2017.5.2.141. 

Emdadi, M. and Mohammadimehr, M. (2021), “Dynamic stability 

of the double-bonded annular nanocomposite sandwich 

microplate on viscoelastic foundation”, J. Sandw. Struct. 

Mater., 24(1), 385-418.  

https://doi.org/10.1177/10996362211020441. 

Eringen, A.C. and Edelen, D.G.B. (1972), “On nonlocal 

elasticity”, Int. J. Eng. Sci., 10(3), 233-248.  

https://doi.org/10.1016/0020-7225(72)90039-0. 

279



 

Huanxiang Ding, Xueqin Wang and Xiaodao Chen 

Esmailpoor Hajilak, Z., Pourghader, J., Hashemabadi, D., Sharifi 

Bagh, F., Habibi, M. and Safarpour, H. (2019), “Multilayer 

GPLRC composite cylindrical nanoshell using modified strain 

gradient theory”, Mech. Based Des. Struct. Mach., 47(5), 521-

545. https://doi.org/10.1080/15397734.2019.1566743. 

Fakher, M., Behdad, S., Naderi, A. and Hosseini-Hashemi, S. 

(2020), “Thermal vibration and buckling analysis of two-phase 

nanobeams embedded in size dependent elastic medium”, Int. J. 

Mech. Sci., 171, 105381.  

https://doi.org/10.1016/j.ijmecsci.2019.105381. 

Fu, Y.M., Zhang, J. and Bi, R.G. (2009), “Analysis of the 

nonlinear dynamic stability for an electrically actuated 

viscoelastic microbeam”, Microsyst. Technol., 15(5), 763-769.  

https://doi.org/10.1007/s00542-009-0791-8. 

Ghadiri, M., Hosseini, S.H.S. and Shafiei, N. (2016a), “A power 

series for vibration of a rotating nanobeam with considering 

thermal effect”, Mech. Adv. Mater. Struct., 23(12), 1414-1420.  

https://doi.org/10.1080/15376494.2015.1091527. 

Ghadiri, M., Mahinzare, M., Shafiei, N. and Ghorbani, K. (2017a), 

“On size-dependent thermal buckling and free vibration of 

circular FG Microplates in thermal environments”, Microsyst. 

Technol., 23(10), 4989-5001.  

https://doi.org/10.1007/s00542-017-3308-x. 

Ghadiri, M. and Shafiei, N. (2016a), “Nonlinear bending vibration 

of a rotating nanobeam based on nonlocal Eringen’s theory 

using differential quadrature method”, Microsyst. Technol., 

22(12), 2853-2867. https://doi.org/10.1007/s00542-015-2662-9. 

Ghadiri, M. and Shafiei, N. (2016b), “Vibration analysis of a 

nano-turbine blade based on Eringen nonlocal elasticity 

applying the differential quadrature method”, J. Vib. Control, 

23(19), 3247-3265. https://doi.org/10.1177/1077546315627723. 

Ghadiri, M. and Shafiei, N. (2016c), “Vibration analysis of 

rotating functionally graded Timoshenko microbeam based on 

modified couple stress theory under different temperature 

distributions”, Acta Astronaut., 121, 221-240.  

https://doi.org/10.1016/j.actaastro.2016.01.003. 

Ghadiri, M., Shafiei, N. and Akbarshahi, A. (2016b), “Influence of 

thermal and surface effects on vibration behavior of nonlocal 

rotating Timoshenko nanobeam”, Appl. Phys. A, 122(7), 673.  

https://doi.org/10.1007/s00339-016-0196-3. 

Ghadiri, M., Shafiei, N. and Alavi, H. (2017b), “Thermo-

mechanical vibration of orthotropic cantilever and propped 

cantilever nanoplate using generalized differential quadrature 

method”, Mech. Adv. Mater. Struct., 24(8), 636-646.  

https://doi.org/10.1080/15376494.2016.1196770. 

Ghadiri, M., Shafiei, N. and Alavi, H. (2017c), “Vibration analysis 

of a rotating nanoplate using nonlocal elasticity theory”, J. Solid 

Mech., 9(2), 319-337.  

Ghadiri, M., Shafiei, N. and Alireza Mousavi, S. (2016c), 

“Vibration analysis of a rotating functionally graded tapered 

microbeam based on the modified couple stress theory by 

DQEM”, Appl. Phys. A, 122(9), 837.  

https://doi.org/10.1007/s00339-016-0364-5. 

Ghadiri, M., Shafiei, N. and Babaei, R. (2017d), “Vibration of a 

rotary FG plate with consideration of thermal and Coriolis 

effects”, Steel Compos. Struct., 25(2), 197-207.  

https://doi.org/10.12989/SCS.2017.25.2.197. 

Ghadiri, M., Shafiei, N. and Safarpour, H. (2017e), “Influence of 

surface effects on vibration behavior of a rotary functionally 

graded nanobeam based on Eringen’s nonlocal elasticity”, 

Microsyst. Technol., 23(4), 1045-1065.  

https://doi.org/10.1007/s00542-016-2822-6. 

Ghadiri, M., Shafiei, N., Salekdeh, S.H., Mottaghi, P. and Mirzaie, 

T. (2016d), “Investigation of the dental implant geometry effect 

on stress distribution at dental implant–bone interface”, J. 

Brazil. Soc. Mech. Sci. Eng., 38(2), 335-343.  

https://doi.org/10.1007/s40430-015-0472-8. 

Ghayesh, M.H., Farokhi, H. and Amabili, M. (2013), “Nonlinear 

dynamics of a microscale beam based on the modified couple 

stress theory”, Compos. Part B Eng., 50, 318-324.  

https://doi.org/10.1016/j.compositesb.2013.02.021. 

Ghazanfari, A., Soleimani, S.S., Keshavarzzadeh, M., Habibi, M., 

Assempuor, A. and Hashemi, R. (2020), “Prediction of FLD for 

sheet metal by considering through-thickness shear stresses”, 

Mech. Based Des. Struct. Mach., 48(6), 755-772.  

https://doi.org/10.1080/15397734.2019.1662310. 

Gubbels, J.S., Van Kann, D.H. and Jansen, M.W. (2012), “Play 

equipment, physical activity opportunities, and children’s 

activity levels at childcare”, J. Environ Public Health, 326520.  

https://doi.org/10.1155/2012/326520. 

Guo, J., Baharvand, A., Tazeddinova, D., Habibi, M., Safarpour, 

H., Roco-Videla, A. and Selmi, A. (2021a), “An intelligent 

computer method for vibration responses of the spinning multi-

layer symmetric nanosystem using multi-physics modeling”, 

Eng. Comput., 1-22.  

https://doi.org/10.1007/s00366-021-01433-4. 

Guo, K., Ma, Y., Li, H. and Zhai, T. (2016), “Flexible wire-shaped 

supercapacitors in parallel double helix configuration with 

stable electrochemical properties under static/dynamic 

bending”, Small, 12(8), 1024-1033.  

https://doi.org/10.1002/smll.201503021. 

Guo, Y., Mi, H. and Habibi, M. (2021b), “Electromechanical 

energy absorption, resonance frequency, and low-velocity 

impact analysis of the piezoelectric doubly curved system”, 

Mech. Syst. Signal Pr., 157, 107723.  

https://doi.org/10.1016/j.ymssp.2021.107723. 

Habibi, M., Darabi, R., Sa, J.C.d. and Reis, A. (2021), “An 

innovation in finite element simulation via crystal plasticity 

assessment of grain morphology effect on sheet metal 

formability”, Proceedings of the Institution of Mechanical 

Engineers, Part L: Journal of Materials: Design and 

Applications, 235(8), 1937-1951.  

https://doi.org/10.1177/14644207211024686. 

Habibi, M., Ghazanfari, A., Assempour, A., Naghdabadi, R. and 

Hashemi, R. (2017), “Determination of forming limit diagram 

using two modified finite element models”, Mech. Eng., 48(4), 

141-144. https://doi.org/10.22060/MEJ.2016.664. 

Habibi, M., Hashemabadi, D. and Safarpour, H. (2019a), 

“Vibration analysis of a high-speed rotating GPLRC nano-

structure coupled with a piezoelectric actuator”, Eur. Phys. J. 

Plus, 134(6), 307. https://doi.org/10.1140/epjp/i2019-12742-7. 

Habibi, M., Hashemi, R., Ghazanfari, A., Naghdabadi, R. and 

Assempour, A. (2018a), “Forming limit diagrams by including 

the M–K model in finite element simulation considering the 

effect of bending”, Proceedings of the Institution of Mechanical 

Engineers, Part L: Journal of Materials: Design and 

Applications, 232(8), 625-636.  

https://doi.org/10.1177/1464420716642258. 

Habibi, M., Hashemi, R., Sadeghi, E., Fazaeli, A., Ghazanfari, A. 

and Lashini, H. (2016), “Enhancing the mechanical properties 

and formability of low carbon steel with dual-phase 

microstructures”, J. Mater. Eng. Perform., 25(2), 382-389.  

https://doi.org/10.1007/s11665-016-1882-1. 

Habibi, M., Hashemi, R., Tafti, M.F. and Assempour, A. (2018b), 

“Experimental investigation of mechanical properties, 

formability and forming limit diagrams for tailor-welded blanks 

produced by friction stir welding”, J. Manuf. Proc., 31, 310-

323. https://doi.org/10.1016/j.jmapro.2017.11.009. 

Habibi, M., Mohammadgholiha, M. and Safarpour, H. (2019b), 

“Wave propagation characteristics of the electrically GNP-

reinforced nanocomposite cylindrical shell”, J. Brazil. Soc. 

Mech. Sci. Eng., 41(5), 221.  

https://doi.org/10.1007/s40430-019-1715-x. 

Habibi, M., Mohammadi, A., Safarpour, H. and Ghadiri, M. 

280



 

Research on the application of nanocomposite materials in children's physical exercise equipment 

(2019c), “Effect of porosity on buckling and vibrational 

characteristics of the imperfect GPLRC composite nanoshell”, 

Mech. Based Des. Struct. Mach., 1-30.  

https://doi.org/10.1080/15397734.2019.1701490. 

Habibi, M., Mohammadi, A., Safarpour, H., Shavalipour, A. and 

Ghadiri, M. (2019d), “Wave propagation analysis of the 

laminated cylindrical nanoshell coupled with a piezoelectric 

actuator”, Mech. Based Des. Struct. Mach., 1-19.  

https://doi.org/10.1080/15397734.2019.1697932. 

Habibi, M., Safarpour, M. and Safarpour, H. (2020), “Vibrational 

characteristics of a FG-GPLRC viscoelastic thick annular plate 

using fourth-order Runge-Kutta and GDQ methods”, Mech. 

Based Des. Struct. Mach., 1-22.  

https://doi.org/10.1080/15397734.2020.1779086. 

Habibi, M., Taghdir, A. and Safarpour, H. (2019e), “Stability 

analysis of an electrically cylindrical nanoshell reinforced with 

graphene nanoplatelets”, Compos. Part B Eng., 175, 107125.  

https://doi.org/10.1016/j.compositesb.2019.107125. 

Han, M.C., Cai, S.Z., Wang, J. and He, H.W. (2022), “Single-side 

superhydrophobicity in Si3N4-doped and sio2-treated 

polypropylene nonwoven webs with antibacterial activity”, 

Polymers, 14(14). https://doi.org/10.3390/polym14142952. 

Harper, C.A. (2000), Modern Plastics Handbook, McGraw-Hill 

Education. 

Hashemi, H.R., Alizadeh, A.a., Oyarhossein, M.A., Shavalipour, 

A., Makkiabadi, M. and Habibi, M. (2019), “Influence of 

imperfection on amplitude and resonance frequency of a 

reinforcement compositionally graded nanostructure”, Wave. 

Random Complex Med., 1-27.  

https://doi.org/10.1080/17455030.2019.1662968. 

He, X., Ding, J., Habibi, M., Safarpour, H. and Safarpour, M. 

(2021), “Non-polynomial framework for bending responses of 

the multi-scale hybrid laminated nanocomposite reinforced 

circular/annular plate”, Thin Wall. Struct., 166, 108019.  

https://doi.org/10.1016/j.tws.2021.108019. 

Hou, F., Wu, S., Moradi, Z. and Shafiei, N. (2021), “The 

computational modeling for the static analysis of axially 

functionally graded micro-cylindrical imperfect beam applying 

the computer simulation”, Eng. Comput., 1-19.  

https://doi.org/10.1007/s00366-021-01456-x. 

Hu, L.B., Huang, X.Y., Zhang, S., Chen, X., Dong, X.H., Jin, H., 

Jiang, Z.Y., Gong, X.R., Xie, Y.X., Li, C., Chi, Z.T. and Xie, 

W.-F. (2021), “MoO3 structures transition from nanoflowers to 

nanorods and their sensing performances”, J. Mater. Sci., 

32(19), 23728-23736.  

https://doi.org/10.1007/s10854-021-06464-7. 

Huang, X., Hao, H., Oslub, K., Habibi, M. and Tounsi, A. (2021a), 

“Dynamic stability/instability simulation of the rotary size-

dependent functionally graded microsystem”, Eng. Comput., 1-

17. https://doi.org/10.1007/s00366-021-01399-3. 

Huang, X., Zhang, Y., Moradi, Z. and Shafiei, N. (2021b), 

“Computer simulation via a couple of homotopy perturbation 

methods and the generalized differential quadrature method for 

nonlinear vibration of functionally graded non-uniform micro-

tube”, Eng. Comput., 1-18.  

https://doi.org/10.1007/s00366-021-01395-7. 

Huang, X., Zhu, Y., Vafaei, P., Moradi, Z. and Davoudi, M. 

(2021c), “An iterative simulation algorithm for large oscillation 

of the applicable 2D-electrical system on a complex nonlinear 

substrate”, Eng. Comput., 1-13.  

https://doi.org/10.1007/s00366-021-01320-y. 

Jiao, J., Ghoreishi, S.-m., Moradi, Z. and Oslub, K. (2021), 

“Coupled particle swarm optimization method with genetic 

algorithm for the static–dynamic performance of the magneto-

electro-elastic nanosystem”, Eng. Comput., 1-15.  

https://doi.org/10.1007/s00366-021-01391-x. 

Karličić, D., Cajić, M. and Adhikari, S. (2018), “Dynamic stability 

of a nonlinear multiple-nanobeam system”, Nonlinear Dyn., 

93(3), 1495-1517. https://doi.org/10.1007/s11071-018-4273-3. 

Ke, L.L. and Wang, Y.S. (2011), “Size effect on dynamic stability 

of functionally graded microbeams based on a modified couple 

stress theory”, Compos. Struct., 93(2), 342-350.  

https://doi.org/10.1016/j.compstruct.2010.09.008. 

Kolahchi, R., Hosseini, H. and Esmailpour, M. (2016), 

“Differential cubature and quadrature-Bolotin methods for 

dynamic stability of embedded piezoelectric nanoplates based 

on visco-nonlocal-piezoelasticity theories”, Compos. Struct., 

157, 174-186. https://doi.org/10.1016/j.compstruct.2016.08.032. 

Li, J., Tang, F. and Habibi, M. (2020a), “Bi-directional thermal 

buckling and resonance frequency characteristics of a GNP-

reinforced composite nanostructure”, Eng. Comput., 1-22.  

https://doi.org/10.1007/s00366-020-01110-y. 

Li, Y., Li, S., Guo, K., Fang, X. and Habibi, M. (2020b), “On the 

modeling of bending responses of graphene-reinforced higher 

order annular plate via two-dimensional continuum mechanics 

approach”, Eng. Comput., 1-22.  

https://doi.org/10.1007/s00366-020-01166-w. 

Li, P., Yang, M. and Wu, Q. (2021), “Confidence interval based 

distributionally robust real-time economic dispatch approach 

considering wind power accommodation risk”, IEEE T. Sust. 

Energy, 12(1), 58-69.  

https://doi.org/10.1109/TSTE.2020.2978634. 

Liu, H., Shen, S., Oslub, K., Habibi, M. and Safarpour, H. (2021a), 

“Amplitude motion and frequency simulation of a composite 

viscoelastic microsystem within modified couple stress 

elasticity”, Eng. Comput., 1-15.  

https://doi.org/10.1007/s00366-021-01316-8. 

Liu, H., Zhao, Y., Pishbin, M., Habibi, M., Bashir, M. and 

Issakhov, A. (2021b), “A comprehensive mathematical 

simulation of the composite size-dependent rotary 3D 

microsystem via two-dimensional generalized differential 

quadrature method”, Eng. Comput., 1-16.  

https://doi.org/10.1007/s00366-021-01419-2. 

Liu, Y., Wang, W., He, T., Moradi, Z. and Larco Benítez, M.A. 

(2021c), “On the modelling of the vibration behaviors via 

discrete singular convolution method for a high-order sector 

annular system”, Eng. Comput., 1-23.  

https://doi.org/10.1007/s00366-021-01454-z. 

Liu, Z., Su, S., Xi, D. and Habibi, M. (2020a), “Vibrational 

responses of a MHC viscoelastic thick annular plate in thermal 

environment using GDQ method”, Mech. Based Des. Struct. 

Mach., 1-26. https://doi.org/10.1080/15397734.2020.1784201. 

Liu, Z., Wu, X., Yu, M. and Habibi, M. (2020b), “Large-amplitude 

dynamical behavior of multilayer graphene platelets reinforced 

nanocomposite annular plate under thermo-mechanical 

loadings”, Mech. Based Des. Struct. Mach., 1-25.  

https://doi.org/10.1080/15397734.2020.1815544. 

Lori, E.S., Ebrahimi, F., Supeni, E.E.B., Habibi, M. and Safarpour, 

H. (2020), “The critical voltage of a GPL-reinforced composite 

microdisk covered with piezoelectric layer”, Eng. Comput., 1-

20. https://doi.org/10.1007/s00366-020-01004-z. 

Ma, L., Liu, X. and Moradi, Z. “On the chaotic behavior of 

graphene-reinforced annular systems under harmonic 

excitation”, Eng. Comput., 1-25.  

https://doi.org/10.1007/s00366-020-01210-9. 

Maher, E.J., Li, G., Carter, L. and Johnson, D.B. (2008), 

“Preschool child care participation and obesity at the start of 

kindergarten”, Pediatrics, 122(2), 322-330.  

https://doi.org/10.1542/peds.2007-2233. 

Malikan, M. and Eremeyev, V.A. (2020), “On nonlinear bending 

study of a piezo-flexomagnetic nanobeam based on an 

analytical-numerical solution”, Nanomaterials, 10(9).  

https://doi.org/10.3390/nano10091762. 

Mann, G.S., Singh, L.P., Kumar, P. and Singh, S. (2018), “Green 

281



 

Huanxiang Ding, Xueqin Wang and Xiaodao Chen 

composites: A review of processing technologies and recent 

applications”, J. Thermoplast. Compos. Mater., 33(8), 1145-

1171. https://doi.org/10.1177/0892705718816354. 

Mirjavadi, S.S., Afshari, B.M., Shafiei, N., Hamouda, A., Kazemi, 

M. and Structures, C. (2017a), “Thermal vibration of two-

dimensional functionally graded (2D-FG) porous Timoshenko 

nanobeams”, Steel Compos. Struct., 25(4), 415-426.  

https://doi.org/10.12989/scs.2017.25.4.415. 

Mirjavadi, S.S., Matin, A., Shafiei, N., Rabby, S. and Mohasel 

Afshari, B. (2017b), “Thermal buckling behavior of two-

dimensional imperfect functionally graded microscale-tapered 

porous beam”, J. Therm. Stress., 40(10), 1201-1214.  

https://doi.org/10.1080/01495739.2017.1332962. 

Mirjavadi, S.S., Mohasel Afshari, B., Shafiei, N., Rabby, S. and 

Kazemi, M. (2017c), “Effect of temperature and porosity on the 

vibration behavior of two-dimensional functionally graded 

micro-scale Timoshenko beam”, J. Vib. Control, 24(18), 4211-

4225. https://doi.org/10.1177/1077546317721871. 

Mirjavadi, S.S., Rabby, S., Shafiei, N., Afshari, B.M. and Kazemi, 

M. (2017d), “On size-dependent free vibration and thermal 

buckling of axially functionally graded nanobeams in thermal 

environment”, Appl. Phys. A, 123(5), 315.  

https://doi.org/10.1007/s00339-017-0918-1. 

Moayedi, H., Aliakbarlou, H., Jebeli, M., Noormohammadiarani, 

O., Habibi, M., Safarpour, H. and Foong, L. (2020a), “Thermal 

buckling responses of a graphene reinforced composite 

micropanel structure”, Int. J. Appl. Mech., 12(1), 2050010.  

https://doi.org/10.1142/S1758825120500106. 

Moayedi, H., Ebrahimi, F., Habibi, M., Safarpour, H. and Foong, 

L.K. (2020b), “Application of nonlocal strain–stress gradient 

theory and GDQEM for thermo-vibration responses of a 

laminated composite nanoshell”, Eng. Comput., 1-16.  

https://doi.org/10.1007/s00366-020-01002-1. 

Moayedi, H., Habibi, M., Safarpour, H., Safarpour, M. and Foong, 

L. (2019), “Buckling and frequency responses of a graphene 

nanoplatelet reinforced composite microdisk”, Int. J. Appl. 

Mech., 11(10), 1950102.  

https://doi.org/10.1142/S1758825119501023. 

Mohammadgholiha, M., Shokrgozar, A., Habibi, M. and 

Safarpour, H. (2019), “Buckling and frequency analysis of the 

nonlocal strain–stress gradient shell reinforced with graphene 

nanoplatelets”, J. Vib. Control, 25(19-20), 2627-2640.  

https://doi.org/10.1177/1077546319863251. 

Mohammadi, A., Lashini, H., Habibi, M. and Safarpour, H. (2019), 

“Influence of viscoelastic foundation on dynamic behaviour of 

the double walled cylindrical inhomogeneous micro shell using 

MCST and with the aid of GDQM”, J. Solid Mech., 11(2), 440-

453. https://doi.org/10.22034/JSM.2019.665264. 

Moradi, Z., Davoudi, M., Ebrahimi, F. and Ehyaei, A.F. (2021), 

“Intelligent wave dispersion control of an inhomogeneous 

micro-shell using a proportional-derivative smart controller”, 

Wave. Random Complex Med., 1-24.  

https://doi.org/10.1080/17455030.2021.1926572. 

Naderi, A., Behdad, S. and Fakher, M. (2022), “Size dependent 

effects of two phase viscoelastic medium on damping vibrations 

of smart nanobeams: an efficient implementation of GDQM”, 

Smart Mater. Struct., 31(4), 045007.  

https://doi.org/10.1088/1361-665x/ac5456. 

Naderi, A., Behdad, S., Fakher, M. and Hosseini-Hashemi, S. 

(2020), “Vibration analysis of mass nanosensors with 

considering the axial-flexural coupling based on the two-phase 

local/nonlocal elasticity”, Mech. Syst. Signal Pr., 145, 106931. 

https://doi.org/10.1016/j.ymssp.2020.106931. 

Naderi, A., Fakher, M. and Hosseini-Hashemi, S. (2021), “On the 

local/nonlocal piezoelectric nanobeams: Vibration, buckling, 

and energy harvesting”, Mech. Syst. Signal Pr., 151 107432.  

https://doi.org/10.1016/j.ymssp.2020.107432. 

Najaafi, N., Jamali, M., Habibi, M., Sadeghi, S., Jung, D.w. and 

Nabipour, N. (2020), “Dynamic instability responses of the 

substructure living biological cells in the cytoplasm 

environment using stress-strain size-dependent theory”, J. 

Biomol. Struct. Dyn., 1-12.  

https://doi.org/10.1080/07391102.2020.1751297. 

Ning, F., He, G., Sheng, C., He, H., Wang, J., Zhou, R. and Ning, 

X. (2021), “Yarn on yarn abrasion performance of high modulus 

polyethylene fiber improved by graphene/polyurethane 

composites coating”, J. Eng. Fibers Fabric., 16, 

1558925020983563.  

https://doi.org/10.1177/1558925020983563. 

Oyarhossein, M.A., Alizadeh, A.a., Habibi, M., Makkiabadi, M., 

Daman, M., Safarpour, H. and Jung, D.W. (2020), “Dynamic 

response of the nonlocal strain-stress gradient in laminated 

polymer composites microtubes”, Sci. Rep., 10(1), 1-19.  

https://doi.org/10.1038/s41598-020-61855-w. 

Park, S.K. and Gao, X.L. (2006), “Bernoulli–Euler beam model 

based on a modified couple stress theory”, J. Micromech. 

Microeng., 16(11), 2355-2359.  

https://doi.org/10.1088/0960-1317/16/11/015. 

Park, S.K. and Gao, X.L. (2008), “Variational formulation of a 

modified couple stress theory and its application to a simple 

shear problem”, Zeitschrift fürAangewandte Mathematik und 

Physik, 59(5), 904-917.  

https://doi.org/10.1007/s00033-006-6073-8. 

Pham, Q.H. and Nguyen, P.C. (2022), “Dynamic stability analysis 

of porous functionally graded microplates using a refined 

isogeometric approach”, Compos. Struct., 284, 115086.  

https://doi.org/10.1016/j.compstruct.2021.115086. 

Pourjabari, A., Hajilak, Z.E., Mohammadi, A., Habibi, M. and 

Safarpour, H. (2019), “Effect of porosity on free and forced 

vibration characteristics of the GPL reinforcement composite 

nanostructures”, Comput. Math. Appl., 77(10), 2608-2626.  

https://doi.org/10.1016/j.camwa.2018.12.041. 

Raja, T., Agrawal, V.D. and Bushnell, M.L. (2004). “A tutorial on 

the emerging nanotechnology devices”, Proceedings of the 17th 

International Conference on VLSI Design. Proceedings, 

Mumbai, India, January. 

Reddy, J.N. (2007), “Nonlocal theories for bending, buckling and 

vibration of beams”, Int. J. Eng. Sci., 45(2), 288-307.  

https://doi.org/10.1016/j.ijengsci.2007.04.004. 

Rennie, K.L., Johnson, L. and Jebb, S.A. (2005), “Behavioural 

determinants of obesity”, Best Pract. Res. Clin. Endocrinol 

Metab., 19(3), 343-358.  

https://doi.org/10.1016/j.beem.2005.04.003. 

Safarpour, H., Ghanizadeh, S.A. and Habibi, M. (2018), “Wave 

propagation characteristics of a cylindrical laminated composite 

nanoshell in thermal environment based on the nonlocal strain 

gradient theory”, Eur. Phys. J. Plus, 133(12), 532.  

https://doi.org/10.1140/epjp/i2018-12385-2. 

Safarpour, H., Hajilak, Z.E. and Habibi, M. (2019a), “A size-

dependent exact theory for thermal buckling, free and forced 

vibration analysis of temperature dependent FG multilayer 

GPLRC composite nanostructures restring on elastic 

foundation”, Int. J. Mech. Mater. Des., 15(3), 569-583.  

https://doi.org/10.1007/s10999-018-9431-8. 

Safarpour, H., Pourghader, J. and Habibi, M. (2019b), “Influence 

of spring-mass systems on frequency behavior and critical 

voltage of a high-speed rotating cantilever cylindrical three-

dimensional shell coupled with piezoelectric actuator”, J. Vib. 

Control, 25(9), 1543-1557.  

https://doi.org/10.1177/1077546319828465. 

Safarpour, M., Ebrahimi, F., Habibi, M. and Safarpour, H. (2020), 

“On the nonlinear dynamics of a multi-scale hybrid 

nanocomposite disk”, Eng. Comput., 1-20.  

https://doi.org/10.1007/s00366-020-00949-5. 

282



 

Research on the application of nanocomposite materials in children's physical exercise equipment 

Shafiei, N., Ghadiri, M. and Mahinzare, M. (2019), “Flapwise 

bending vibration analysis of rotary tapered functionally graded 

nanobeam in thermal environment”, Mech. Adv. Mater. Struct., 

26(2), 139-155.  

https://doi.org/10.1080/15376494.2017.1365982. 

Shafiei, N., Ghadiri, M., Makvandi, H. and Hosseini, S.A. 

(2017a), “Vibration analysis of Nano-Rotor’s Blade applying 

Eringen nonlocal elasticity and generalized differential 

quadrature method”, Appl. Math. Modell., 43, 191-206.  

https://doi.org/10.1016/j.apm.2016.10.061. 

Shafiei, N., Hamisi, M. and Ghadiri, M. (2020), “Vibration 

analysis of rotary tapered axially functionally graded 

Timoshenko nanobeam in thermal environment”, J. Solid 

Mech., 12(1), 16-32.  

Shafiei, N. and Kazemi, M. (2017a), “Buckling analysis on the bi-

dimensional functionally graded porous tapered nano-/micro-

scale beams”, Aerosp. Sci. Technol., 66, 1-11.  

https://doi.org/10.1016/j.ast.2017.02.019. 

Shafiei, N. and Kazemi, M. (2017b), “Nonlinear buckling of 

functionally graded nano-/micro-scaled porous beams”, 

Compos. Struct., 178, 483-492.  

https://doi.org/10.1016/j.compstruct.2017.07.045. 

Shafiei, N., Kazemi, M. and Fatahi, L. (2017b), “Transverse 

vibration of rotary tapered microbeam based on modified couple 

stress theory and generalized differential quadrature element 

method”, Mech. Adv. Mater. Struct., 24(3), 240-252.  

https://doi.org/10.1080/15376494.2015.1128025. 

Shafiei, N., Kazemi, M. and Ghadiri, M. (2016a), “Comparison of 

modeling of the rotating tapered axially functionally graded 

Timoshenko and Euler–Bernoulli microbeams”, Physica E, 83, 

74-87. https://doi.org/10.1016/j.physe.2016.04.011. 

Shafiei, N., Kazemi, M. and Ghadiri, M. (2016b), “Nonlinear 

vibration behavior of a rotating nanobeam under thermal stress 

using Eringen’s nonlocal elasticity and DQM”, Appl. Phys. A, 

122(8), 728. https://doi.org/10.1007/s00339-016-0245-y. 

Shafiei, N., Kazemi, M. and Ghadiri, M. (2016c), “Nonlinear 

vibration of axially functionally graded tapered microbeams”, 

Int. J. Eng. Sci., 102, 12-26.  

https://doi.org/10.1016/j.ijengsci.2016.02.007. 

Shafiei, N., Kazemi, M. and Ghadiri, M. (2016d), “On size-

dependent vibration of rotary axially functionally graded 

microbeam”, Int. J. Eng. Sci., 101, 29-44.  

https://doi.org/10.1016/j.ijengsci.2015.12.008. 

Shafiei, N., Kazemi, M., Safi, M. and Ghadiri, M. (2016e), 

“Nonlinear vibration of axially functionally graded non-uniform 

nanobeams”, Int. J. Eng. Sci., 106, 77-94.  

https://doi.org/10.1016/j.ijengsci.2016.05.009. 

Shafiei, N., Mirjavadi, S.S., Afshari, B.M., Rabby, S. and 

Hamouda, A.M.S. (2017c), “Nonlinear thermal buckling of 

axially functionally graded micro and nanobeams”, Compos. 

Struct., 168, 428-439.  

https://doi.org/10.1016/j.compstruct.2017.02.048. 

Shafiei, N., Mirjavadi, S.S., MohaselAfshari, B., Rabby, S. and 

Kazemi, M. (2017d), “Vibration of two-dimensional imperfect 

functionally graded (2D-FG) porous nano-/micro-beams”, 

Comput. Methods Appl. Mech. Eng., 322, 615-632.  

https://doi.org/10.1016/j.cma.2017.05.007. 

Shafiei, N., Mousavi, A. and Ghadiri, M. (2016f), “On size-

dependent nonlinear vibration of porous and imperfect 

functionally graded tapered microbeams”, Int. J. Eng. Sci., 106, 

42-56. https://doi.org/10.1016/j.ijengsci.2016.05.007. 

Shafiei, N., Mousavi, A. and Ghadiri, M. (2016g), “Vibration 

behavior of a rotating non-uniform FG microbeam based on the 

modified couple stress theory and GDQEM”, Compos. Struct., 

149, 157-169. https://doi.org/10.1016/j.compstruct.2016.04.024. 

Shafiei, N. and She, G.-L. (2018), “On vibration of functionally 

graded nano-tubes in the thermal environment”, Int. J. Eng. Sci., 

133 84-98. https://doi.org/10.1016/j.ijengsci.2018.08.004. 

Shao, Y., Zhao, Y., Gao, J. and Habibi, M. (2021), “Energy 

absorption of the strengthened viscoelastic multi-curved 

composite panel under friction force”, Arch. Civil Mech. Eng., 

21(4), 1-29. https://doi.org/10.1007/s43452-021-00279-3. 

Shariati, A., Habibi, M., Tounsi, A., Safarpour, H. and Safa, M. 

(2020a), “Application of exact continuum size-dependent theory 

for stability and frequency analysis of a curved cantilevered 

microtubule by considering viscoelastic properties”, Eng. 

Comput., 1-20. https://doi.org/10.1007/s00366-020-01024-9. 

Shariati, A., Mohammad-Sedighi, H., Żur, K.K., Habibi, M. and 

Safa, M. (2020b), “On the vibrations and stability of moving 

viscoelastic axially functionally graded nanobeams”, Materials, 

13(7), 1707. https://doi.org/10.3390/ma13071707. 

Shariati, A., Mohammad-Sedighi, H., Żur, K.K., Habibi, M. and 

Safa, M. (2020c), “Stability and dynamics of viscoelastic 

moving rayleigh beams with an asymmetrical distribution of 

material parameters”, Symmetry, 12(4), 586.  

https://doi.org/10.3390/sym12040586. 

Sheng, C., He, G., Hu, Z., Chou, C., Shi, J., Li, J., Meng, Q., Ning, 

X., Wang, L. and Ning, F. (2021), “Yarn on yarn abrasion failure 

mechanism of ultrahigh molecular weight polyethylene fiber”, 

J. Eng. Fibers Fabrics, 16, 15589250211052766.  

https://doi.org/10.1177/15589250211052766. 

Shivanian, E., Ghadiri, M. and Shafiei, N. (2017), “Influence of 

size effect on flapwise vibration behavior of rotary microbeam 

and its analysis through spectral meshless radial point 

interpolation”, Appl. Phys. A, 123(5), 329.  

https://doi.org/10.1007/s00339-017-0955-9. 

Shokrgozar, A., Safarpour, H. and Habibi, M. (2020), “Influence 

of system parameters on buckling and frequency analysis of a 

spinning cantilever cylindrical 3D shell coupled with 

piezoelectric actuator”, Proceedings of the Institution of 

Mechanical Engineers, Part C: Journal of Mechanical 

Engineering Science, 234(2), 512-529.  

https://doi.org/10.1177/0954406219883312. 

Shreedhana, K. and Ilavarasi, R. (2020), “Fabrication of 

nanocrystalline cellulose from banana peel obtained from unripe 

plantain bananas”, J. Phys., 1644(1), 012002.  

https://doi.org/10.1088/1742-6596/1644/1/012002. 

Si, Z., Yang, M., Yu, Y. and Ding, T. (2021), “Photovoltaic power 

forecast based on satellite images considering effects of solar 

position”, Appl. Energy, 302, 117514.  

https://doi.org/10.1016/j.apenergy.2021.117514. 

Singh, A.S., Mulder, C., Twisk, J.W., van Mechelen, W. and 

Chinapaw, M.J. (2008), “Tracking of childhood overweight into 

adulthood: a systematic review of the literature”, Obes Rev. 

9(5), 474-488.  

https://doi.org/10.1111/j.1467-789X.2008.00475.x. 

Srivastava, A.K. and Kumar, D. (2019), “Postbuckling behavior of 

functionally graded CNT-reinforced nanocomposite plate with 

interphase effect”, Nonlinear Eng., 8(1), 496-512.  

https://doi.org/10.1515/nleng-2017-0133. 

Tsai, X.Y. and Chen, L.W. (2002), “Dynamic stability of a shape 

memory alloy wire reinforced composite beam”, Compos. 

Struct., 56(3), 235-241. 

https://doi.org/10.1016/S0263-8223(02)00008-9. 

Wang, Z., Yu, S., Xiao, Z. and Habibi, M. (2020), “Frequency and 

buckling responses of a high-speed rotating fiber metal 

laminated cantilevered microdisk”, Mech. Adv. Mater. Struct., 

1-14. https://doi.org/10.1080/15376494.2020.1824284. 

Wang, P., Gao, Z., Pan, F., Moradi, Z., Mahmoudi, T. and 

Khadimallah, M.A. (2022a), “A couple of GDQM and iteration 

techniques for the linear and nonlinear buckling of bi-

directional functionally graded nanotubes based on the nonlocal 

strain gradient theory and high-order beam theory”, Eng. Anal. 

Bound. Elem., 143, 124-136.  

283



 

Huanxiang Ding, Xueqin Wang and Xiaodao Chen 

https://doi.org/10.1016/j.enganabound.2022.06.007. 

Wang, Y., Niu, B., Ahmad, A., Liu, Y., Wang, H., Zong, G. and 

Alsaadi, F. (2022b), “Adaptive command filtered control for 

switched multi-input multi-output nonlinear systems with 

hysteresis inputs”, Int. J. Adapt. Control Signal Pr., 36(12), 

3023-3042. https://doi.org/10.1002/acs.3501. 

Wang, M., Yang, M., Fang, Z., Wang, M. and Wu, Q. (2022c), “A 

practical feeder planning model for urban distribution system”, 

IEEE T. Power Syst., 1-1.  

https://doi.org/10.1109/TPWRS.2022.3170933. 

Wu, J. and Habibi, M. (2021), “Dynamic simulation of the ultra-

fast-rotating sandwich cantilever disk via finite element and 

semi-numerical methods”, Eng. Comput., 1-17.  

https://doi.org/10.1007/s00366-021-01396-6. 

Xu, W., Pan, G., Moradi, Z. and Shafiei, N. (2021a), “Nonlinear 

forced vibration analysis of functionally graded non-uniform 

cylindrical microbeams applying the semi-analytical solution”, 

Compos. Struct., 114395.  

https://doi.org/10.1016/j.compstruct.2021.114395. 

Xu, Y.J., Qu, L.Y., Liu, Y. and Zhu, P. (2021b), “An overview of 

alginates as flame-retardant materials: Pyrolysis behaviors, 

flame retardancy, and applications”, Carbohydrate Polym., 260, 

117827. https://doi.org/10.1016/j.carbpol.2021.117827. 

Yu, X., Maalla, A. and Moradi, Z. (2022), “Electroelastic high-

order computational continuum strategy for critical voltage and 

frequency of piezoelectric NEMS via modified multi-physical 

couple stress theory”, Mech. Syst. Signal Pr., 165, 108373.  

https://doi.org/10.1016/j.ymssp.2021.108373. 

Zare, R., Najaafi, N., Habibi, M., Ebrahimi, F. and Safarpour, H. 

(2020), “Influence of imperfection on the smart control 

frequency characteristics of a cylindrical sensor-actuator 

GPLRC cylindrical shell using a proportional-derivative smart 

controller”, Smart Struct. Syst., 26(4), 469-480.  

https://doi.org/10.12989/sss.2020.26.4.469. 

Zhang, X., Shamsodin, M., Wang, H., NoormohammadiArani, O., 

Khan, A.M., Habibi, M. and Al-Furjan, M. (2020), “Dynamic 

information of the time-dependent tobullian biomolecular 

structure using a high-accuracy size-dependent theory”, J. 

Biomol. Struct. Dyn., 1-16.  

https://doi.org/10.1080/07391102.2020.1760939. 

Zhang, H., Wang, H., Niu, B., Zhang, L. and Ahmad, A.M. 

(2021a), “Sliding-mode surface-based adaptive actor-critic 

optimal control for switched nonlinear systems with average 

dwell time”, Inform. Sci., 580, 756-774.  

https://doi.org/10.1016/j.ins.2021.08.062. 

Zhang, Y., Wang, Z., Tazeddinova, D., Ebrahimi, F., Habibi, M. 

and Safarpour, H. (2021b), “Enhancing active vibration control 

performances in a smart rotary sandwich thick nanostructure 

conveying viscous fluid flow by a PD controller”, Wave. 

Random Complex Med., 1-24.  

https://doi.org/10.1080/17455030.2021.1948627. 

Zhang, H., Zhao, X., Zong, G. and Xu, N. (2022c), “Fully 

distributed consensus of switched heterogeneous nonlinear 

multi-agent systems with bouc-wen hysteresis input”, IEEE T. 

Netw. Sci. Eng., 9(6), 4198-4208.  

https://doi.org/10.1109/TNSE.2022.3196316. 

Zhang, Z., Yang, Q., Yu, Z., Wang, H. and Zhang, T. (2022), 

“Influence of Y2O3 addition on the microstructure of TiC 

reinforced Ti-based composite coating prepared by laser 

cladding”, Mater. Character., 189, 111962.  

https://doi.org/10.1016/j.matchar.2022.111962. 

Zhao, Y., Moradi, Z., Davoudi, M. and Zhuang, J. “Bending and 

stress responses of the hybrid axisymmetric system via state-

space method and 3D-elasticity theory”, Eng. Comput., 1-23.  

https://doi.org/10.1007/s00366-020-01242-1. 

Zhou, C., Zhao, Y., Zhang, J., Fang, Y. and Habibi, M. (2020), 

“Vibrational characteristics of multi-phase nanocomposite 

reinforced circular/annular system”, Adv. Nano Res., 9(4), 295-

307. https://doi.org/10.12989/anr.2020.9.4.295. 

Zhou, J., Bai, J. and Liu, Y. (2022), “Fabrication and modeling of 

matching system for air-coupled transducer”, Micromachines, 

13(5). https://doi.org/10.3390/mi13050781. 

 

 

JL 

284




