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1. Introduction 
 

Using nanomaterials has caused significant improvement 

in disease treatment as well as diagnosis. Nanomedicines 

were developed to address numerous drug delivery 

challenges. Drug delivery (DD) is defined as a process in 

which a pharmaceutical substance would transport inside 

the body to cause a specific therapeutic effect. The 

development of drug delivery systems mostly focused on 

therapeutic effectiveness by using targeted delivery (Adepu 

and Ramakrishna 2021, Vargason et al. 2021). This is one 

of the main reasons that many scientists are attracted to 

nanomedicines despite their challenges such as intracellular 

delivery requirements, viability, stability, and expansion for 

live cells (Mahmoudi 2021). In the field of nanomedicine, 

engineered materials with a size range of 100 nm or less are 

used to enhance human health (Mitchell et al. 2021). 

Because of the remarkable impact of these nanomedicines 

on therapy, especially cancer therapy (Rommasi and 

Esfandiari 2021), it is vital to study the parameters that 

could affect the drug delivery process of these materials (de 

Lázaro and Mooney 2021). 

Drug delivery systems have been enhanced with the 

help of manufacturing techniques and Nanotechnology 

advances. There are various studies about these systems 

(Maina et al. 2021, Pavlichenko et al. 2021, Tang et al. 

2021). Different practical drug delivery systems like lipid-

based, polymer-based, and conjugate-based systems were 

compared in detail for the RNA therapy field (Paunovska et 

al. 2022). Herrmann et al. (2021) insisted on the significance 

of extracellular vesicles as drug carriers. They even 

suggested efficient design steps of large-scale manufacturing 
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manufacturing for these carriers. Using precision medicine 
can help many patients diagnosed with cancer, which makes 
all of the recent developments in this field reasonable. It 
would be impossible to use these medicines unless we set 
some strategies which could make targeted drug delivery 
possible (Manzari et al. 2021). Having high loading 
capabilities made metal-organic frameworks (MOFs) attract 
much attention. This was one of the most important reasons 
that Lawson et al. (2021) decided to publish their research 
with a concentration on designing these frameworks for 
drug delivery. Transdermal drug delivery systems do not 
have the discomfort of using the common drug delivery 
systems with oral or parenteral delivery routes. This is the 
motivation for developing microneedle technology that can 
even perform drug monitoring after injecting the drug into 
the body (Alimardani et al. 2021, Sully et al. 2021, 
Ramadon et al. 2022). Cai et al. (2021) published a review 
study on the design of therapeutic drug carriers. The duty of 
these carriers is not just a simple delivery at a target tissue, 
they are also designed to be a therapeutic system by 
themselves. Any kind of physical activity could cause blood 
flow to increase and affect the therapy process since it 
would influence drug delivery. For example, this blood flow 
change was investigated in a study that evaluated fitness 
training influences on cerebrovascular blood flow by using 
MRI for measuring blood flow (Smith et al. 2021). This 
study reported that training has a heterogeneous impact on 
regional cerebral blood flow. Moreover, because blood flow 
increase in the body causes blood flow reduction in the 
kidneys, exercising is limited for the ones with reduced 
renal function, but Kawakami et al. (2022) proved that 
moderate-intensity continuous exercise cannot cause renal 
malfunction for these individuals. One of the main 
technologies that made using nanomedicines practical is 
nanomedicine equipment which should be able to do 
multiple smart tasks simultaneously. Furthermore, the 
development of nanomotors and nanodevices enhanced the 
drug delivery systems (Karsauliya et al. 2022, Varalakshmi 
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et al. 2022). Díez et al. (2021) investigated ultrafast 
directional nanomotors and revealed their characteristics 
including rapid autonomous motion, stimuli-responsive 
controlled drug release, and versatility. There are numerous 
applications that micro/nanomotors that can be most useful. 
Drug transport, bio-imaging, cell isolation, cell stimulation, 
diagnostic, and monitoring are some examples that became 
possible because of these devices (Tezel et al. 2021). 
Having the capability to convert energy sources into 
mechanical forces, artificial nanomotors commonly known 
as active nanomotors have surpassed traditional nano-
medicines (Chen et al. 2022). Micro-nano motors (MNMs) 
can use the surrounding environment and turn it into 
mechanical motion. MNMs with taxis behavior are an 
example of these nanomotors that are able to automatically 
find and move to the target location even in rheological 
conditions that imitate blood flow (Gao et al. 2022). The 
implementation of nanomotors for clinical applications as 
well as its challenges were investigated in real-world 
situations. It has been concluded that among all of the 
capabilities of these nanomachines the ability to self-
moving and multi-tasking are the most helpful ones that 
could help surgeons and physicians (Rastmanesh et al. 
2021). In similar research about nanorobots with 
intelligence, the mentioned characteristics of these systems 
were emphasized. They also pointed out that chemical 
reactions, applying external forces, and motile cells are the 
most common ways that nanorobots use to navigate their 
way in biological conditions (Giri et al. 2021, Singh et al. 
2021, Gupta et al. 2022). Nanorobots are widely developed 
for tumor-targeting therapy. Huang et al. (2021a) focused 
on dynamic the control of nanomotors as well as the 
conceptual design of stimuli-responsive nanorobots. 
Nanosizeddrug carrier (NDC) could be used in acute kidney 
injury (AKI) cases which is another example of the 
application of nanomedicines. NDCs could be helpful for 
AKI since they are very effective in renal tissue targeting 
and reno-protective agents’ improvement (Geo et al. 2022). 
Moreover, chronic diseases also attract self-regulated nano 
delivery systems that can detect the changes in 
physiological indices and set their performance (Wang et al. 
2021). During therapy procedures with nanomedicines, 
imaging techniques like MRI can provide information about 
the condition of these nanomedicines and their interaction 
with the biological environment to help the treatment 
monitoring (Ansari et al. 2021, Bernal et al. 2021, Bruno et 
al. 2022). An alternative method to eliminate the toxic 
effects of the fuels that power nanomachines is to use gold–
nickel nanowires for drug delivery. There are various 
production challenges in the development of these 
nanowires. Karaca et al. (2021) represented their exclusive 
fabrication method which requires DC magnetron sputtering 
of nickel after preparing the gold part via electrochemical 
methods. The popularity of nano-structures in medical 
fields made scientists develop mathematical simulations for 
them. Classical theories generate inaccurate results. That’s 
the reason that the continuum mechanics model is preferred 
for investigating the mechanical behavior of these structures 
(Kolitsi et al. 2022, Miller et al. 2022). Roudbari et al. 
(2022) gathered important continuum mechanics models 
related to nano-structures in their article. The mathematical 
models can play a vital role in the optimization of the shape, 

type, and size of nanoparticles inside drug delivery systems. 
Malikan and Eremeyev (2021) published a review article 
that investigated different simulation tools for improving 
drug delivery systems on the basis of nanoparticles. A 
metaphysics modeling was developed to simulate 
thrombolysis by activated platelet-targeted nanomedicine. 
The results showed that this modeling could be useful for 
optimizing treatment regimens of thrombolytic therapies by 
performing a benefit/risk investigation (Gu et al. 2022).  

Based on the authors’ knowledge, investigating the 

effect of training and exercise on drug delivery systems that 

perform based on nanodevices would be a unique study 

topic (Li et al. 2021, Si et al. 2021, Zhang et al. 2021a, 

2022a, b, Cao et al. 2022a, b, Wang et al. 2022a,). When 

humans involve in physical activities, the heart beats faster 

and tries to pump more blood to body cells since cellular 

metabolism increases in such conditions and cells need 

more oxygen which blood would provide for them. An 

increase in blood flow would affect the performance of 

nanodevices since they are released into the bloodstream to 

find their target location. Among all of the different 

characteristics of nanodevices, we focused on stability. 

Using high-order beam theory and the nonlocal strain 

gradient theory, we modeled a nanodevice with a non-

uniform tube structure for the drug-delivery purpose. The 

nanodevice was constructed from a central nanomotor as 

well as two nanoblades. The nanoblades were truncated 

conical nanotubes in shape and their main job was to carry 

nanomedicine. A numerical solution was presented for the 

mathematical simulation of rotating nanodevices. In the 

results section, we discussed the influence of different 

parameters on the stability of nanodevices via our 

simulation. Fig. 1 illustrates the nanodevice with its 

nanomotor and two nanoblades. 
 

 

2. Mathematical modeling 

 

In this section, we have mathematically simulated the 

mechanical movements of small-scale nanodevices carrying 

the nanomedicine, and the impact of body activities in the 

form of the change in blood flow is investigated in detail. 

The internal blade radius is constant, and it is shown as 'Ri', 

also, the external radius ‘Re’ varies along the blade length 

according to the following equation: 

 (1) 

where ‘τ’ is the rate of radius change. The high-order 

sinusoidal shear deformation beam theory is used for 

mathematical modeling of rotating nanostructures according 

to the following displacement fields, along the x-axis (ux), 

y-axis (uy), and z-axis (uz). 
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where ‘ψ’ is the rotation parameter, and ‘u’ and ‘w’ are the 

axial and lateral movements. The virtual potential energy 

(δP) based on the high-order beam theory is calculated as 

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

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

 

(3) 

where 

 (4) 

 

 

In this equation, ‘E’ is the elasticity modulus, and ‘Ks’ is 

the shear correction factor (Jiao et al. 2021, Moradi et al. 

2021, Zhao et al. 2021). According to the high-order 

sinusoidal shear deformation beam theory, the virtual 

Kinetic energy (δK) is calculated as follows (Hashemi et al. 

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

al. 2020, Najaafi et al. 2020, Shariati et al. 2020b): 

 

(5) 

where 

 
(6) 

In the above equation ‘ρ’ is the density. The bloodstream 

impact on the nanodevice movement and its external force 

is mathematically modeled via an external load. In this 

calculation, the virtual energy of the external loading due to 

the blood flow, as well as the centrifugal force of rotating, is 

defined as follows (Adamian et al. 2020, Al-Furjan et al. 

2020a, b, Li et al. 2020, Zare et al. 2020, Dai et al. 2021b): 

 (7) 

where, ‘FBF’ is the blood flow force, and is defined as 

follows (Liu et al. 2020b, Habibi et al. 2021, He et al. 2021, 

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

 (8) 

In which, ‘𝐹̅’ is the dynamic external bending load, ‘𝜛’ 

is the external excitation frequency, and ‘χ’ is the length of 
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Fig. 1 Schematic of nanodevice carrying the nano-drug, involving the nanomotor and nanoblade 
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the beam under the loading. Also, ‘FR’ is the centrifugal 

force due to the rotation and is calculated as follows (Liu et 

al. 2020a, Wang et al. 2020, Zhou et al. 2020, Dai et al. 

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

2021): 

 (9) 

Then based on the nonlocal strain gradient theory which 

is presented as the following equations (Huang et al. 2021d, 

Liu et al. 2021b, Ma et al. 2021, Yu et al. 2022): 

 (10) 

The general stress field includes both nonlocal elastic 

stress and strain gradient stress fields will be obtained 

(Shafiei and She 2018, Shafiei et al. 2019, 2020). In which, 

‘l’ is the strain gradient parameter, ‘ea’ is the nonlocal 

parameter, and ‘’ is the Laplace operator. The Hamilton 

principle is used to link the generated virtual energy of 

potential work, Kinetic, and external work as the following 

equation (Ebrahimi and Shafiei 2017, Ghadiri et al. 2017e, 

Mirjavadi et al. 2017a, Shafiei and Kazemi 2017a, Shafiei 

et al. 2017d, Azimi et al. 2018): 

 (11) 

The nonlocal partial differential (PD) governing 

equations will be obtained by applying the nonlocal strain 

gradient theory in the form of stress fields to the presented 

virtual energy using the Hamilton principle (Ehyaei et al. 

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

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

 
(12a) 

 
(12b) 

 (12c) 

Boundary conditions are: 

 
(13a) 

  

Table 1 Comparison of presented nonlocal dimensionless 

frequency (√𝜔𝐿2√𝐺10 𝐺21⁄ ) of cantilever nanobeam with 

results of Lu et al. (2006b) 

 Presented study Lu et al. (2006b) 

‘ea=0’ 1.873460038 1.8751 

‘ea=L/10’ 1.877556452 1.8792 

‘ea=2L/10’ 1.890245344 1.8919 

‘ea=3L/10’ 1.913724791 1.9154 

‘ea=4L/10’ 1.952590769 1.9543 

‘ea=5L/10’ 2.020131646 2.0219 

 

 

 
(13b) 

 
(13c) 

 
(13d) 

 

 

3. Numerical solution procedure 

 

This section provides the numerical method to solve the 

generated PD governing equations. The generalized 

differential quadrature approach and the Newmark 

procedure are employed to calculate the time-dependent and 

time-independent results. According to the modal analysis, 

which is the methodology to solve the eigenvalue problem, 

the natural frequency will be obtained based on the 

following assumptions (Ghadiri et al. 2017a, b, Mirjavadi et 

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

 
(14) 

where ‘ω’ is the natural frequency which is calculated as 

follows based on the generalized differential quadrature 

method (GDQM): 

 
(15) 

Here ‘M’ and ‘K’ are the mass and stiffness matrices 

which are defined as follows (Ebrahimi and Shafiei 2016, 
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where ‘∑𝐷(𝑞)’ is qth order weighting coefficient and is 

defined as follows (Azimi et al. 2016, Ghadiri and Shafiei 

2016a, c, Shafiei et al. 2016a, e, g): 

 
 

 
(17a) 

In which 

 
(17b) 

Here 

 
(17c) 

It is noted that the grid points are defined according to 

the Chebyshev-Gauss-Lobatto as follows (Ghadiri et al. 

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

2016b): 

 
(17d) 

So, the time-independent results (natural frequency) 

were generated based on the GDQM, lastly, the time-

dependent results in response to the external harmonic load 

of the bloodstream are calculated via Newmark beta 

approach (Hou et al. 2021, Huang et al. 2021c, Xu et al. 

2021, Wang et al. 2022b). 

 

 

4. Results and discussion 
 
As mentioned in the previously published reports, the 

exercise improves the blood flow velocity (Globus et al. 

1983, Hellström and Wahlgren 1993, van der Kleij et al. 

2018). This section investigates the impact of exercise in 

the form of external force for different parameters . 

According to Eq. (8), improving the blood flow velocity 

enhances the external excitation frequency (ϖ). Here, the 

impact of this parameter on the time-dependent dynamic 

deflection of nanodevice is analyzed in detail. It is noted 

that improving the external excitation frequency means the 

blood flow increases. Before discussing the results, the 

validation of the presented results was carried out. The  
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Table 2 The impact of angular velocity (γ) and the section change rate (τ) on the fundamental frequency (GHz) of 

cantilever nanoblade carrying the nanomedicine, 𝑅̅=10(nm), Ri=5(nm), L=200 (nm) 

 ‘τ = -0.4’ ‘τ = -0.2’ Uniform section ‘τ = +0.2’ ‘τ = +0.4’ 

Non-rotating 1.0735393 1.1458222 1.2365982 1.3548777 1.5174639 

‘γL2=1×√(G21/m10)’ 1.1381024 1.2073167 1.2948479 1.4096422 1.5683907 

‘γL2=2×√(G21/m10)’ 1.3123574 1.3748531 1.4550977 1.5618425 1.7114445 

‘γL2=3×√(G21/m10)’ 1.5587735 1.6145018 1.6871845 1.7852696 1.9245941 

‘γL2=4×√(G21/m10)’ 1.847322 1.8976539 1.9641929 2.0550472 2.1854538 

‘γL2=4×√(G21/m10)’ 2.1599122 2.2062412 2.2682054 2.3536013 2.4770932 

‘γL2=6×√(G21/m10)’ 2.4864722 2.5298541 2.5884836 2.6699003 2.7882773 

‘γL2=7×√(G21/m10)’ 2.8214055 2.8625738 2.918752 2.9972799 3.1119318 

‘γL2=8×√(G21/m10)’ 3.1615326 3.200985 3.2553205 3.3317283 3.4436685 

‘γL2=9×√(G21/m10)’ 3.5049937 3.5430699 3.5959797 3.6708032 3.7807555 

‘γL2=10×√(G21/m10)’ 3.8506666 3.8876036 3.9393756 4.0129893 4.1214698 
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mechanical properties of the nanodevices made of Ni-Ag 

are listed as follows (Gao and Wang 2014): 

 

 

 

 

Elasticity modulus (E)=83 (GPa), Density (ρ)= 10.49 

(g/cc). 

 

Fig. 2 Effect of rotation speed (γ×351.6e6) on the resonant frequency (ϖ=ω) and dynamic deflection (w×100G21/L4𝐹̅) 

of nanodevices carrying the nano-drug versus the external excitation frequency (ϖ) due to the body action, 

𝑅̅=10(nm), Ri=5(nm), L=200 (nm), τ=0.3 

 
Fig. 3 Influence of cross-section change rate (τ) on the resonant frequency (ϖ=ω) and dynamic deflection 

(w×100G21/L4𝐹̅) of nanoblade taking the nano-drug versus the external excitation frequency (ϖ) due to the physical 

exercise, 𝑅̅=10(nm), Ri=5(nm), L=200 (nm), γ=35.16e6 

 
Fig. 4 Influence of strain gradient parameter (l) on the resonant frequency (ϖ=ω) and dynamic deflection 

(w×100G21/L4𝐹̅) of nanoblade carrying the nano-medicine for different external excitation frequency (ϖ) values due 

to the physical exercise, 𝑅̅=10(nm), Ri=5(nm), L=200 (nm), τ=-0.1, γ=35.16e6 
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To validate our results we decided to compare nonlocal 

dimensionless frequency values that were calculated in this 

study with the results of Lu et al. (2006a). The comparison 

was carried out with different nonlocal parameters. Table 1 

presents the validation study’s results for cantilever 

nanobeam. As the nonlocal parameter increases, the 

nonlocal dimensionless frequency also grows while there is 

a small difference between the obtained results and the 

reference values. Considering the reference values as 

accurate results, we have achieved approximately 0.087 % 

error in our results, which is a significant achievement. 

Table 2 presents the influence of two different 

parameters on the fundamental frequency of the cantilever 

nanoblade carrying the nanomedicine. By changing the 

angular velocity and the section change rate, we gained the 

presented results. The angular velocity rises by increasing 

the coefficient of its equation in ten steps and the impact of 

the section change rate is investigated with 5 different 

values. The growth of both parameters causes an escalation 

in the fundamental frequency values. Changes in the 

angular velocity have a bigger impact than changes in the 

section change rate in this table. The column-wise growth 

of fundamental frequency is about 10.8% on average while 

row-wise growth is about 4.1% on average. 

Fig. 2 depicts the influence of rotation speed on the 

dynamic deflection in both resonant and external excitation 

situations. Each plot starts with an almost zero amount of 

dynamic deflection and then peaks at a specific excitation 

frequency and finally decreases to a small value of dynamic 

deflection. At the point that we have the resonant frequency, 

we can investigate the impact of rotation speed without 

having any external excitation. In this situation, the results 

show that we can have the maximum dynamic deflection 

when the rotation speed is equal to zero and this value 

would decline as we use a higher rotation speed until the 

deflection would fall from almost 120 to 20. Increasing 

physical activity, which enhances the external excitation 

frequency, can lead to the fact that we can reach the 

maximum deflection for all rotation speeds. The maximum 

dynamic deflection and its related external excitation  

 

 

frequency for each rotation speed decrease when the 

rotation speed declines. 

Fig. 3 illustrates the effect of cross-section change rate 

on the dynamic deflection in both resonant and external 

excitation situations. The amount of cross-section change 

rate is raised from -0.4 to 0.4 with a step of 0.2. Each value 

of the cross-section change rate peaks at a specific 

frequency. Expect τ=-0.4, these peaks are obtained when the 

ϖ/ω was greater than one which specifies the external 

excitation condition where the body experiences physical 

exercise. The difference between these deflection peaks is 

quite enormous, similar to the difference in their external 

excitation frequency. By increasing the cross-section 

change rate value, the dynamic deflection peak, as well as 

its related external excitation frequency, would significantly 

rise. 

As listed in Table 3, nonlocal and strain gradient 

parameters can affect the fundamental frequency of rotating 

truncated conical nanoblade carrying the nanomedicine. A 

strain gradient is defined as a coefficient of L which is 

constant and equal to 200nm. This coefficient is increased 

from 0 to 0.4 with a step of 0.2. The amount of the 

fundamental frequency extremely increases when the strain 

gradient grows in each step. Nevertheless, the nonlocal 

parameter has the opposite impact on the fundamental 

frequency. The nonlocal parameter is also defined as a 

coefficient of L. When the nonlocal parameter is equal to L, 

we can get the maximum fundamental frequency while the 

lower values of the nonlocal parameter result in a lower 

amount of fundamental frequency. 

The impact of the strain gradient parameter on the 

dynamic deflection in both resonant and external excitation 

situations is shown in Fig. 4. Similar to the previous figures, 

the maximum dynamic deflection occurs for non-zero strain 

gradient parameter values when the body activities improve 

the blood flow excitation frequency. The dynamic 

deflection peaks are almost equal for different values of the 

strain gradient parameter, yet the corresponding external 

excitation frequencies of these peaks are different in each 

case. The only case where the maximum deflection occurs  

Table 3 Influence of small-scale parameters involving nonlocal (ea) and strain gradient (l) parameters on the 

fundamental frequency (MHz) of rotating truncated conical cylindrical nanoblade carrying the nano-drug, τ=0.3, 

γ=2.5×√(G21/m10)/L2, 𝑅̅=10(nm), Ri=5(nm), L=200 (nm) 

 ‘l=0×L’ ‘l =0.2×L’ ‘l =0.3×L’ ‘l =0.4×L’ 

‘ea=1.0×L’ 2.0697803 6.2132678 9.4425739 14.056185 

‘ea =1.1×L’ 1.996538 5.5825919 8.5540865 12.77835 

‘ea =1.2×L’ 1.9371937 5.0391251 7.8003577 11.713488 

‘ea =1.3×L’ 1.8880938 4.5626039 7.1519562 10.81245 

‘ea =1.4×L’ 1.8468557 4.1376977 6.5871528 10.040132 

‘ea =1.5×L’ 1.8118268 3.7523492 6.0895908 9.3707903 

‘ea =1.6×L’ 1.7818044 3.3965636 5.6467281 8.7851159 

‘ea =1.7×L’ 1.7558811 3.0613994 5.2487759 8.2683443 

‘ea =1.8×L’ 1.7333537 2.7378904 4.8879619 7.8089919 

‘ea =1.9×L’ 1.7136662 2.415429 4.5580061 7.3979923 

‘ea =2.0×L’ 1.6963723 2.0782953 4.2537408 7.0280927 
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at the resonant frequency is when the strain gradient 

parameter is equal to zero.  

Finally, Fig. 5 depicts the impact of the nonlocal 

parameter on the dynamic deflection in both resonant and 

external excitation situations. Despite other parameters, 

when the nonlocal parameter increases from 0 to 80 nm, the 

frequency of the maximum value of dynamic deflection 

moves from excitation state to resonant state. The 

maximum deflection is almost equal for different non-zero 

values of nonlocal parameters, yet this value is a little 

higher for ea = 0. Comparing the highest and lowest values 

of the nonlocal parameter can show that the frequency of 

the dynamic deflection peak does not change a lot when the 

nonlocal parameter changes. 
 

 

5. Conclusions 

 

This paper deals with the impact of physical exercise in 

the form of body activities on drug delivery using 

nanodevices. The body’s actions impact the blood flow 

since the nano drug delivery devices are released into the 

bloodstream, and physical exercise and all the activities that 

change the blood flow influence the stability of these 

nanodevices. The nanodevice for the drug delivery purpose 

is modeled via nonuniform tube structures based on the 

high-order beam theory along with the nonlocal strain 

gradient theory. The nanodevice is made by a central 

nanomotor as well as two nanoblade in the form of 

truncated conical nanotubes carrying the nanomedicine. The 

mathematical simulation of rotating nanodevices is 

numerically solved, and the effect of various parameters on 

the stability of nanodevices has been studied in detail after 

the validation study. The main results of this study are as 

follows: 

• The growth of the angular velocity and the section 

change rate cause escalation in the fundamental frequency 

values. 

• The maximum dynamic deflection is obtained when 

the rotation speed is equal to zero. This value would decline 

as we use a higher rotation speed until the deflection would 

 

 

fall from almost 120 to 20. 

• By increasing the cross-section change rate value, the 

dynamic deflection peak, as well as its related external 

excitation frequency would significantly rise. 

• The amount of the fundamental frequency, extremely 

increases when the strain gradient grows in each step. 

Nevertheless, the nonlocal parameter has the opposite 

impact on the fundamental frequency. 

• The dynamic deflection peaks are almost equal for 

different values of the strain gradient parameter, yet the 

corresponding external excitation frequencies of these peaks 

are different in each case. 

• When the nonlocal parameter increases from 0 to 80 

nm, the frequency of the maximum value of dynamic 

deflection moves from excitation state to resonant state. The 

maximum deflection is almost equal for different non-zero 

values of nonlocal parameters, yet this value is a little 

higher for ea = 0. 
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