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Abstract. In this article with the aid of adaptively tuned deep neural network (DNN), dynamic stability analysis of the
sandwich structure has been investigated. Due to finding the design-points features, the numerical solution procedure called two-
dimensional generalized differential quadrature technique has been applied to the ordinary differential equations of the current
structure system acquired on the foundation of the kinematic theory with refined higher order terms. Also, the involved
parameters with the optimum values in the fully-connected neural network mechanism are obtained via momentum-based
optimizer. For modeling a moderately thick structure, higher order terms of shear deformation are chosen. For stability analysis
of the current structure the design points considering the method of adaptive learning is presented. For analysis of the current
structure ‘accuracy (used for determining the design-points) is presented through than the published outcomes in the literature.
The outcomes of accuracy section of the current research show that the DNN-based model in analysis of the sandwich structure
has less error than other models. The results show that the current momentum-based optimizer can be good tool for future

researches about stability analysis of the various structure due to its good accuracy.
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1. Introduction

As a rely of fact, further to enhancing the
thermomechanical reaction of the applicable systems with
the beneficial useful resource of using the sandwich
systems, within side the very last decant, researches
positioned a completely unique and exceptional method for
reinforcing the dynamic and static information of the low-
density disk, plate, shell, and beam (Ma et al. 2021, Zhao et
al. 2021, Huang et al. 2021). This kind of structure can be
used in many structures such as (Zhang et al. 2018, 2019,
2020c, Shi et al. 2019). Primarily according to the totally
mostly on this rely, structures called honeycomb are
provided for use in the associated corporation (Huang et al.
2021, Jiao et al. 2021, Moradi et al. 2021). Mukhopadhyay
et al. (2016) investigated frequency information of the
sandwich shell structure with lattice core and composite
face sheets with the useful resource called Hamilton’s
principle. In this research they found that the honeycomb
structure has marvelous impact on the frequency
information of their composite structure. This kind of
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materials can be used in many applications such as (Gong et
al. 2019, Li et al. 2020, 2021a, Zhang et al. 2021)

Also, one of their important outcomes was that the
geometry of the honeycomb core should be selected with
the high accuracy. This was because, in some angle ply of
honeycomb core, the structure encounters the instability in
response. Ref. (Suryawanshi et al. 2020) investigated the
impacts of different shape of honeycomb core, and
influence of this shape on the mechanical performance of
the lattice beams in various conditions via series Fourier, as
well as finite element method. Also, one of their important
outcomes was that the geometry of the honeycomb core
should be selected with the high accuracy. The frequency
performance of the lattice core system via Hamilton’s
principle as well as Navier solution procedure for solving
the motion equations was conducted by Ref. (Xu et al.
2019). In this study they showed that solution procedure
and acquired frequency have linear behavior with each
other. Also, other important consequence was that geometry
of the honeycomb core have important role on the
mechanical performance of the lattice core system
(Ghabussi et al. 2019, 2020, Safarpour et al. 2020, Shariati
et al. 2020a). In recent years, in addition to the
experimental and numerical techniques (Arabnejad
Khanouki et al. 2011, Jalali et al. 2012), artificial
intelligence (Al) algorithms have been developed and
employed in various fields, especially civil engineering
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(Shariati et al. 2017, Safa et al. 2020,). In fact, Al is able to
accurately optimize and predict the experimental data.
Researchers have developed several sub-sets of Al
algorithms such as ANFIS, PSO, machine learning and
hybrid algorithms like PSO-ELM, ANFIS-PSO (Naghipour
et al. 2020, Razavian et al. 2020, Shariati 2020). The
advantages of Al models compared to experimental
methods are high accuracy and cost-effectiveness. Also,
they require lower time to process the data than other
numerical approaches (Shariati et al. 2010, 2019 Hamidian
et al. 2011, Mohammadhassani et al. 2014, Nasrollahi et al.
2018). The mentioned solution procedure as a strong solver
can be used in many systems such as (Xu et al. 2020, Xue
et al. 2020, Ma et al. 2021, Zhang et al. 2021b).

Amini et al. (2019) presented a novel aspect of vibration
analysis called frequency control of the solar shell made of
lattice core and piezoelectric face-sheets. Higher order shear
deformation theory as well as Hamilton’s principle were
used for obtaining the electrically motion equations of their
structure. Consequently, they showed that the applied
voltage of the structure and frequency performance of the
smart systems have linear behavior with each other. Ref.
(Shahverdi et al. 2019) presented the nonlinear instability
analysis of the shells with nanocomposite face-sheets and
lattice core. Their findings demonstrated that GPL’s weight
fraction, as well as geometric properties of the honeycomb
core has linear behavior with the nonlinear instability
performance of the shells with nanocomposite face-sheets
and lattice core. The bending performance of the beam with
deep curvature, lattice core, and functionally graded layers
was conducted by Sobhy (Sobhy 2020). The previous
solution procedure can be used in many systems (Jiang et
al. 2021, Li et al. 2021, Lou et al. 2021, Yu et al. 2021).
Also, owing to new demand in technology (Lou et al. 2021,
Lv et al. 20214, b, c), the previous solution procedure is a
strong tool for solving various complex structures. With the
aid of numerical solution called DQM their graded motion
equations and boundary edges was solved. One of their
important consequence was that functionally graded
materials and frequency of a composite structure have linear
behavior with each other. Also, this kind of analysis can be
used in many systems (Zuo et al. 2015, 2017, Zhang et al.
2020a, Zaher et al. 2020). Wang et al. (2019) presented a
novel research about dynamic stability performance of the
multi-layer system with lattice core via finite element and
experimental tests. In this important research they showed
that experimental data and dynamic stability of a structure
have linear behavior with each other. Also, other important
consequence was that all designers should have attention to
the angle ply of the lattice core. This kind of analysis can be
used in many structures and systems such as (Cao et al.
2019, Dorri et al. 2019, Libo et al. 2019, Puri et al. 2019,
Tang et al. 2019). Ref. (Zhang et al. 2017) conducted a
research about dynamic stability analysis of the multi-layer
beam made of lattice core via finite element and
experimental tests. In this important research they showed
that experimental data and dynamic stability of a multi-
layer structure have linear behavior with each other. As well
as this, the optimization algorithm method can be a good
tool for solving the complex structures and systems (Eassa
et al. 2018, Hurrah et al. 2019, Muhammad et al. 2019,

Murugan et al. 2019, Valayapalayam Kittusamy et al.
2019). On the nonlinear dynamics (Gaber et al. 2018, Yuan
et al. 2018) of the lattice multi-layer structure via multiple
scales method was conducted by Zhang et al. (2019). In
their important article they showed that solution procedure
has important role on the finding of nonlinear frequency of
a system. The presented approach in the previous reference
can be a good tool for analysis of complex systems (Zhou et
al. 2019, 2020, 2021). Because of some advantage of GPLs,
this sort of reinforcement has been given several interest
within the beyond few years. loose vibration assessment of
a GPLRC plate with the useful resource of a numerical
answer method changed into presented via way of
Gunasekaran et al. (2020). Due to new demand in
technology composite structures can be used as the main
materials in the future (Yang et al. 2019, Hu et al. 2020, Qu
et al. 2021, Zhang et al. 2021d). The presented approach in
the previous reference can be a good tool for analysis of
complex systems (Elhoseny et al. 2014, Metawa et al. 2016,
Abd El Aziz et al. 2017, Tharwat et al. 2018, Devaraj et al.
2020). With the useful resource of FEM, compelled
vibration traits of a GPLRC curved plate excessive-
temperature environment turned into furnished by way of
Ref. (Tran et al. 2020). One of the crucial consequences that
they showed in their paintings modified into that the
geometrical homes of the GPLs have an essential have an
impact at the resonance conduct of the GPLRC curved
structure. currently, the important temperature of a
composite annular location plate via way of the usage of
considering von karman nonlinearity and primary-order
shear deformation idea turn out to be furnished thru Javani
et al. (2020). The used method of previous reference can
be a good tool for solving the complex problems such as
(Abdel-Basset et al. 2019, Elhoseny et al. 2019,
Lakshmanaprabu et al. 2019, Krishnaraj et al. 2020, Zaher
et al. 2020). Some researchers used computer modeling for
analysis of various systems (Elhoseny et al. 2017, Elsayed
et al. 2018, Rizk-Allah et al. 2018, Hosseinabadi et al.
2019, Mohanty et al. 2020, Krishnaraj et al. 2021). They
used generalized differential quadrature method for
obtaining the exact thermal buckling responses of the
GPLRC curved structure. Due to several static and dynamic
loads that may cave in the stability of the machine, the
furnished shape is frequently underneath complicated
conditions. except, undesirable behaviors may also
moreover rise up for the ones systems, at the side of
buckling, deformations, and resonance (Bai et al. 2020). So,
it’s miles very vital to apprehend the fashion dressmaker
about the mechanical behavior of this sort of machine to
research the cited shape with the immoderate guarantee
reliability. regular with the benefit of the GRLs
reinforcement, this sort of material can be used as a
composite reinforcement in the annular plates. Bending and
frequency performance of the composite annular plate via
3D-elasticity theory as the best continuum- based theory
was examined by Liu et al (2019). They showed that the
radius ratio of the composite annular system has important
role on the bending and frequency information of the
mentioned structure. The presented approach in the
previous reference can be a good tool for analysis of
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(a) GPL-X
(b) GPL-O (c) GPL-UD

Fig. 1 A schematic diagram of a sandwich disk

medical problems (Abdel-Basset et al. 2019, Elhoseny et al.
2019b, Elhoseny and Shankar 2019, Shankar et al. 2019,
Thakur et al. 2019, Dutta et al. 2020). Using optimization
algorithm can solve the complex equations (Ewees et al.
2017, Elhoseny et al. 2018, Shankar et al. 2020, Xu et al.
2020). Wang et al. (2020) presented a novel research about
the stability analysis of the composite structure in thermal
situation via a numerical solution procedure. In this
research they showed that the solution procedure for
obtaining the real results of the system has linear
communication with each other. In addition, this kind of
analysis can be used in advance structures (Morasaei et al.,
Al-Furjan et al. 2020, Ghabussi et al. 2020, 2021).
Computer simulation is a strong tool for modeling a
structure (Abdel-Basset et al. 2020, Ali et al. 2020, EI-
Hasnony et al. 2020, Saracevi¢ et al. 2020, Uthayakumar et
al. 2020). Also, recently, some researchers did study for
finding the stability regions of various nanostructures
(Tounsi et al. 2013, Salari 2016, Ebrahimi et al. 2019, 2020,
Ghannadpour et al. 2019). In this article with the aid of
adaptively tuned deep neural network (DNN), dynamic
stability analysis of the sandwich structure has been
investigated. Due to finding the design-points features, the
numerical solution procedure called two-dimensional
generalized differential quadrature technique has been
applied to the ordinary differential equations of the current
structure system acquired on the foundation of the
kinematic theory with refined higher order terms. Also, the
involved parameters with the optimum values in the fully-
connected neural network mechanism are obtained via
momentum-based optimizer. For modeling a moderately
thick structure, higher order terms of shear deformation are
chosen. For stability analysis of the current structure the
design points considering the method of adaptive learning is
presented. For analysis of the current structure ‘accuracy
(used for determining the design-points) is presented
through than the published outcomes in the literature. The
outcomes of the current report show that radius curvature,
composite patterns, angle of hexagonal middle, the
thickness of compositionally layers, and geometry of the
lattice core have an essential function within side the
frequency traits of a sandwich annular system with lattice
middle and compositionally layers.

2. The mathematical formulations for sandwich disk
with honeycomb core

In this paper, we focused on the dynamics of a sandwich
disk with honeycomb core as is shown in Fig. 1. Also, it is
well known that in the manufacturing process, the structures
will encounter residual stress due to some reason, so, in the
present computational approach, we consider residual stress
as an internal pressure in the sandwich disk. Besides, the
formulation of the mentioned issue is presented in the
following sections.

According to the Halpin-Tsai micromechanics model,
have

E _EM X[3+3\/GPL77L§L _5+5VGPL77W§W J

8VGP|_77|_ -8 8VGP|_77W -8
~ | = W, e A
ngztGi, Sw :ZtGPLl Ve =7— GPgL
GPL GPL [pGPL _ AgpPepL j+A (1)
— = GPL
Pwm Pwm
L =
By = — Ecp 7, = |
w T = I/ T =
LLV Y +1 1+ L& Y
GPL GPL

The effective Poisson’s ratio, mass density, and thermal
expansion coefficient based on role of mixture can be
formulated as below

/(7 ngPL\>GPL + /()M (1_\>GPL)
( ( (
V= VGPL\>GPL Y (1_\>GPL) (2

o= O(CGPL\>GPL + (1 \>GPL)

Also, for effective shear modulus have:
-
- 2(1+VE) )
Finally, various kinds of GPL distribution along with
thickness direction can be given as follows:

2xVS Xz\zj\ GPL-X
GPL h
Ve (2;) = ZXV(;PLx(l 2?} GPL-0O
Vo erL-up ¥

. —hx(O 5402 qj, q=12,3,...,n
n n

2.1 Honeycomb core modelling

The hexagonal cell geometry has been illustrated in Fig. 2.
According to the Gibson model, have (Gibson et al. 1999):
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where A = f, B = %, a = sin(0),and B = cos(6).

2.2 Displacement fields

(52)

(5b)

(5¢)

(5d)

(Se)

(5f)

(59)

According to the FSDT, the fields of displacement can be

defined as below:
u”=u," +zu”
V=V, +2v]
W’ =W,"

In Eq. (6), defines the core, top, and bottom, layers.

(6)
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2.3 Strain-stress of the honeycomb core

According to the FSDT, the strain- stress relations are (Ma et

al. 2021, Zhang et al. 2021):
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So, the strain components would be written as:
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The stress-strain relations for FG-GPLRC face sheet layer
are as below:
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In the above equation y defines the top
So, the strain components of the face sheet

by:
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2.4 Compatibility equations

Based on the compatibility conditions and perfect bonding
have:

u‘(z, =-0.5h,) =u®(z, =0.5h,),
v¢(z, =-0.5h,) =v"(z, =0.5h,),
W°(z, =-0.5h,) =w°(z, = 0.5h,),
u°(z, =0.5h,) =u'(z, =-0.5h),
V®(z, =0.5h,) =V'(z, =-0.5h),
W°(z, = 0.5h,) = W' (z, = -0.5h).

(11)

2.5 Extended Hamilton’s principle

According to the Hamilton’s principle, the relation between
the motion equations and boundary edges can be obtained as
below (Alipour et al. 2019, Ebrahimi et al. 2019, Esmailpoor
Hajilak et al. 2019, Ghazanfari et al. 2019, Habibi et al. 20193,
b, Hashemi et al. 2019, Mohammadi et al. 2019, Pourjabari et al.
2019, Safarpour et al. 2019, Dai et al. 2021):

j:z (5T —sU +oW) dt=0 (12)

The corresponding Kinetic energy (Alipour et al. 2019,
Ebrahimi et al. 2019, Esmailpoor Hajilak et al. 2019, Ghazanfari
et al. 2019, Habibi et al. 2019a, b, Hashemi et al. 2019,
Mohammadi et al. 2019, Pourjabari et al. 2019, Safarpour et al.
2019) of the rotating system would be formulated as:

fﬂzo.sj%p"[(%j +(§j +(%H v (13a)
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where (Zhang et al. 2020, Wang et al. 2021):
h
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Also, the strain energy of the current composite structure
would be obtained as:

sU" = jJ [s1087dv
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which (Shahgholian-Ghahfarokhi et al. 2019, Chen et al. 2020,
Rahimi et al. 2020, Chi et al. 2021, Safarpour et al. 2021):

Grer 20g, | 0Z;. (16)

Afterward, the variation of the work induced by thermal
gradient is formulated as

20r T Ar T A2
W = r oW Noow N_OW g (17)
R’ R R R’ 06

Force resultant of thermal loading N involved in Eq. (17)
can be determined by following relation

- hi2 - - =
NT = (Qu+Qu)a(T-T,)dz (18)

Eventually, governing equations and corresponding
boundary conditions can be derived by substituting Egs. (13b),
(15), and (17) in Hamilton’s principle (Eq. (12)) that can be
given by the following Egs.:
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It should be noted that, based on Eq. (11) the numbers of
unknown variables are declined from 15 to 9. So, the total
number of unknowns in the face sheet and core are reduced to 9.

3. Solution procedure

In this part of the present work, we displayed a solution
procedure which is called GDQM for solving the
formulation of the current problem. GDQM can be used as
a strong solver in many systems and structures such as
(Zhang et al. 2020, Liu et al. 2021). The first assumption in
this is as follows:

an M n
Py ? ZZD( )j,mgm,k (21)
r m=1

here, D™ shows weighting factors for the n'-order
derivative in the orientation of its radius, that can be
extracted as follows (Cheshmeh et al., Ghabussi et al. 2020,
Jermsittiparsert et al. 2020, Moayedi et al. 2020, Najaafi et
al. 2020, Oyarhossein et al. 2020, Safarpour et al. 2020,
Shariati et al. 2020, Zhang et al. 2020):

by’ =-> D i=]
N(r) (22)

i,j=12,...,n and i=#]j

where,
(r-r) (29)

The derivatives of Eq. (21) can be written as the
following equations:

Di(in) = _J_:Z: Di(jn)

1i#]
1<n<N-1while j,i=12,..,N
D(n—l) (24)
D(n) —r D(n—l) D(l) _ ij

i#j,2<n<N-1while j,i=12,..,N.

Also, using Chebyshev polynomials greed points, the
seed along with r-axes can be distributed as:

= ey

Also, displacement fields of a disk can be given by:

i=1,2,3 .. ,N, (25)

U, UOn(R)xH
v, Vo, (R) <[
My =2 e, (R[] e (26)
U u, (R)x] |
i v, (R) <[ |

where TT =sin(ng), and T =cos(no)-
Finally, the GDQ form of the formulations with the aid
of boundary condition equations can be given by:

[Moo] [Mos ]| , [[Koo] [Kos] {SD
[Meo] [Mes]| " |[Keo] [Kes ]|

Finally, by solving the bellow equation, frequency
information, and displacement fields of the structure can be
extracted using GDQM.

K'+M ' @* =0 (28)

To reduce computational complexity, the frequency of
the disk is non-dimensional as follows

@, = RZ /’f—m (29)
Em

4. Deep learning-based comparative study

}=0QU

B

Recently, deep learning attracted many researchers to
use it as the practical tool in different areas such as
classification, regression and segmentation tasks (Chi et al.
2021). Therefore, the authors designed a deep neural
network (DNN) with optimized parameters determined by
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Fig. 3 Schematic of the structure of fully-connected deep
neural network

ADADELTA (an abbreviation for adaptive delta). The set of
T
X = {%,%,%,AT,AGPL,H,I} is chosen as the input of
L
regression-based DNN to predict the non-dimensional
natural frequency ¥ = @,. The schematic of the mentioned
DNN is displayed in Fig. 3.

The input of the perceptron is the output of the units
constituting the previous layer of the network. To obtain the
output of the computational unit, the value of each input
must be mathematically manipulated with weights and
biases. To be more informed about the basics of the neural
network approach, readers may check the contents of
(White 1992) as the reference. The mean squared error
(MSE) is the metric selected in this study to evaluate the
accuracy of the DNN in prediction of the natural frequency.
Following equation defines MSE as the mean of the squared
discrepancy between the expected frequency and predicted
one.

2

MSE= lZn;(\(-\?) (30)

i=1

4.1 ADADELTA optimization to tune the DNN
parameters

ADADELTA is chosen as the optimization approach to
find proper weights and biases in order to minimize the
MSE. The main advantages of ADADELTA are listed as
below:

* This approach sets the learning rate automatically

« ADADELTA is not sensitive to the values of the hyper

parameters

» This approach has the capability to use in local

environment as well as the distributed one

To update the neural network parameters (weights and
biases) at each steps of iteration (epoch), one can use the
following relation

h,,=h+Vh, (31)

of
VZ[:_U (ZI)

o

here, 1 indicates the initial learning rate. In order to
simplify denoting the gradient of the involved parameters at

the t™ epoch, we use Gt in place of of(h,)
t
To obtain the update of the biases and weights, it is
required to calculate the root mean square of the gradient at
the current epoch by following relation

RMS[%R, ] = JE[R? ]+ (32)

here, . is a constant. It should be said that E[i}{f]

denotes the expected value of the squared gradient which
can be determined according to the subsequent expression

E[R! = pE[ R, |+(1-p) %! (33)

here, p represents the decay rate. Utilizing Eq. (32) and
Eqg. (33), one can acquire the update of the mentioned
parameters as below

— Ui
Vh =-ore [%]m‘ (34)

To summarize the required steps to find the optimum
values of the parameters, following pseudo-code is provided
as Table. 1.

As illustrated in this figure, ADADELTA outperforms
the other optimizers and reaches the ultimate value of the
error during the lowest number. Accordingly, ADADELTA
can be sorted as one of the high-speed optimizers with the
capability to reach the lower value of the minimum error
among the famous optimization approaches.

As already discussed, ADADELTA optimizer was used
to tune the parameters of DNN to make a regression-based
predictor of vibration response of disk. The activation
function of the hidden layers acts according to Rectified
linear unit (ReLU). The process of training is done by using
the 70% of the dataset. The accuracy of the results is

Table 1 The steps needed to apply ADADELTA to optimize
the parameters of DNN

Computing ADADELTA update at time t
Require Consider the values of p and & parameters, guess A,
Initialize accumulation variables

! E [%2], = 0, E [AR2], =
2 fort=1:T do %% Loop over # of updates
3 Compute Gradient: R,
4 Accumulate Gradient:

E [R?], = pE [R?];-1 + (1 — p)R7
5 Compute Update: Ax, = —% "
6 Accumulate Updates: t

E[AR?], = pE[AR?],_; + (1 — p)AR?
Apply Update: f,,q = hy + AR,
end for loop
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Fig. 6 The variation of MSE of training and validation
datapoints against the number of iterations

Table 2 Material properties of the GPLRC structure
(Shahverdi et al. 2019)

gort FoPL F“)GPL jeeL {oPL wert
Plaelets 7] ig/m] ] [m]  [un]
1010 0.186 10625 25 15 15
Epoxy o v }
. Gpa ka/m?
(resin) [Gpa] [ka/m’]

2.85 0.34 1200

examined by analyzing the MSE of the testing and
validation section of dataset. The outcomes of training
process are shown in Fig. 4. Based on this figure, the
discrepancy between the expected frequencies and the
predicted ones are completely desirable. Because, the
predicted points have very low distance from the fitting
line. The small MSE of training process (MSEq qin =
1.64 +107® ) indicates the superb capabilities of
ADADELTA to find the appropriate parameters to tune the
DNN. To rely on the astonishing performance of the
mentioned fully-connected DNN, it is required to
investigate the accuracy of the approach toward validation
and test sets.

Fig. 5 explores the accuracy of predictions carried out
by DNN for the test dataset. Based on this figure, the
discrepancy between the expected frequencies and the
predicted ones are completely desirable. Because, the
predicted points have very low distance from the fitting
line. The small MSE of test process (MSEr.s = 1.15 *
107°) indicates the power of the mentioned approach to
predict the vibration of the system.

The variation of MSE of training and validation
datapoints against the number of iterations is displayed in
Fig. 6. As demonstrated, both validation and training losses
significantly decline by growth of the epochs number. It
should be noted that MSEyqjiqation = 1.02 * 107° during
40 epochs.

5. Material and validation

Since the final intention of this studies will be
enhancements within side the dynamics of a disk, a well-
known reinforcement referred to as graphene nanoplatelets
bolstered composites are applied, whilst mechanical houses
of those reinforcements together with the resin epoxy used
on this studies are disclosed in Table 2.

For accuracy of the current study, numerical outcomes
are as compared with the ones of Ref. (Han et al. 1999) in
Table 3 for an isotropic round plate. Accordingly, an
outstanding settlement is suggested from the desk which
means that the most discrepancy among the outcomes is
about 1%. As properly as this, it is able to be visible that
with the aid of using growing the mode number, the herbal
frequency has a tendency to increase. However, those
adjustments are reversed with the aid of using growing the
h/Ro. It way with the aid of using growing the h/Ro, the
herbal frequency decreases.

6. Numerical results

The offered facts in Fig. 7 encounters us with an
research at the frequency conduct of the sandwich disk with
honeycomb center and FG-GPLRC face sheet with the aid
of using thinking about the FG styles and outer to internal
radius ratio (R,/R;) effects. For every R,/R; and
boundary conditions, the very best and lowest frequency are
for the structure, that’s made with the aid of using FG-X
and FG-O, respectively.
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Table 3 Comparison of obtained dynamic response for different h/Ro with the result of Ref (Han et al. 1999)

Mode number Mode number Mode number

Mode number
Mode number

Mode number

Mode number Mode number

h/Ro =1 (Ref (Han = 1 (Present) =2 (Ref (Han =2 =3 (Ref (Han = 3 (Present) =4 (Ref (Han 4 (Present)
et al. 1999)) et al. 1999)) (Present) et al. 1999)) et al. 1999))

0.001 59.819 62.421081 198.04 202.74802 415.12 417.733480 711.12 715.369157
0.05 57.250 59.724417 177.84 180.65834 344.35 346.333165 541.41 536.508525
0.1 51.219 53.472342 142.71 144.05551 252.22 257.196138 369.86 368.652369
0.15 44.443 45.565987 114.18 116.17581 192.05 190.569853 272.49 271.256987
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Fig. 7 Frequency performance of the multi-layer structure
with lattice core and compositionally layers for various
FG patterns and R,/R; parameters
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structure with lattice core and compositionally layers for
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Dates in Fig. 9 offer a look at the frequency conduct of
the multi-layer structure with honeycomb center and
compositionally layers via way of means of having
attentions to the thickness to period ratio of the weight
fraction of GPLS (Asp.,), and GPLs (tw/lm) effects. For every
boundary condition, and preliminary Agp,, the very best
frequency is for the structure, that’s bolstered with the
thicker GPLs. Also, for grater Agpp, there’s a decline
withinside the frequency of the annular system because of
developing up the tw/lm. In addition, if the tw/ln decreases,
the dynamic reaction improves and this depend is actual for
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Fig. 13 Frequency information of the multi-layer annular
system with lattice core and compositionally layers for
different l;p,/tep, and tw/ln parameters

preliminary Agp,. Also, we will see that developing the
Agpy is a cause for enhancing the frequency. Finally,
primarily based totally at the Fig. 9, the relation among
Agprand frequency conduct of the sandwich annular system
with lattice center and compositionally layers has a good
sized dependence on tm/lm.

Diagrams in Fig. 11 display a presentation on the
frequency behavior of the sandwich disk with honeycomb
core and GPLRC face sheet by having attentions on the
ratio of length to thickness (I;p./tsp.) and length to width
(lgpr/wgp, ) of GPLs and three kinds of boundary
conditions. For each boundary edge and l;p./Wgp., the
results of Fig. 11 show that the longer the length of GPLs,
the greater the stability of the system and this phenomenon
is noticeable at low value of l;p/tep, and lgpr/Wepr-
With an exact consideration to Fig. 11, it can be concluded
that the effect of the width of GPLs is very noticeable at
low values of [;p; /tep, OF thickness of the GPLs.

Diagrams in Fig. 12 display a presentation on the
frequency behavior of the sandwich disk with honeycomb
core and GPLRC face sheet by having attentions on the
ratio of length to thickness of GPLs (l;p./tsp.) and angle
of the honeycomb (6) and three kinds of boundary
conditions. For each boundary edge and 6, the date of Fig.
12 proves that the longer the length of GPLs, the better the
stability of the system and this phenomenon is noticeable at
lower lgp./tep, and higher 6 . With an exact
consideration to Fig. 12, it can be concluded that the effect
of the 6 is very noticeable at low values of l;p; /tep, OF
thickness of the GPLs.

Diagrams in Fig. 13 display a presentation on the
frequency behavior of the multi-layer annular plate with
latticd core and compositionally layers by having attentions
on lgpr/tepr and tw/ln and different boundary edges. With
an exact consideration to Fig. 13, can be concluded that the
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Fig. 14 Frequency information of the multi-layer annular
disk with lattice core and compositionally layers for
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Fig. 15 Frequency information of the multi-layer system
with lattice core and compositionally layers for various
lepr/tepr and hu/R; parameters

effect of the tn/lm is very noticeable when the thinner GPLs
are used. In other words, the higher the tw/ln , the higher the
frequency is observed at the initial value of l;p; /tspL-

Fig. 14 provides a study on the frequency behavior of
the multi-layer annular system with lattice core and
compositionally layers by having attentions to hw/ln and
lgpr/tcp, effects. As well as boosting the dynamic
response due to declining the hw/lm, the frequency of the
multi-layer composite structure could be improved with
using the thinner GPLs.

Fig. 15 studies on the dynamic behavior of the multi-
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Fig. 16 Frequency information of the multi-layer system
with lattice core and compositionally layers for various
6 and hu/R; parameters

layer composite annular plate with lattice core and
compositionally layers by having attentions to hu/R; and
lepr/tep, effects. As well as improving the dynamic
response due to decreasing the hu/Ri, the frequency of the
sandwich annular system could be improved with using the
thinner GPLs.

The given plots in Fig. 16 offer a look at the frequency
conduct of the multi-layer annular system with lattice center
with recognize to the hw/Ri and 6 impacts. For every
honeycomb center attitude and boundary edges, the best
frequency is for the multi-layer annular system with lattice
center, that’s bolstered with the thicker honeycomb center.
For greater explanation, for § < 0.75, proudly owning to
boom in the 4, the frequency decreases but, for 8 > 0.75,
there may be a development in dynamic balance of the disk
because of boom in the 6.

7. Conclusions

In this article with the aid of adaptively tuned deep
neural network (DNN), dynamic stability analysis of the
sandwich structure was investigated. Due to finding the
design-points features, the numerical solution procedure
called two-dimensional generalized differential quadrature
technique was applied to the ordinary differential equations
of the current structure system acquired on the foundation
of the kinematic theory with refined higher order terms.
Also, the involved parameters with the optimum values in
the fully-connected neural network mechanism were
obtained via momentum-based optimizer. For modeling a
moderately thick structure, higher order terms of shear
deformation were chosen. For stability analysis of the
current structure the design points considering the method
of adaptive learning was presented. For analysis of the



94 Yan Ming et al.

current structure ‘accuracy (used for determining the
design-points) was presented through than the published
outcomes in the literature. The outcomes of accuracy
section of the current research showed that the DNN-based
model in analysis of the sandwich structure had less error
than other models. The outcomes of the current report
showed that radius curvature, composite patterns, angle of
hexagonal middle, the thickness of compositionally layers,
and geometry of the lattice core have an essential function
within side the frequency traits of a sandwich annular
system with lattice middle and compositionally layers.
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