
Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 1/7 ( 115 ) 2022

42

Copyright © 2022, Authors. This is an open access article under the Creative Commons CC BY license

IMPLEMENTATION OF THE 
NUMERICAL ANALYSIS OF 

DYNAMIC LOADS ON THE 
COMPOSITE STRUCTURE 

EMPLOYING THE FE 
METHOD

K u s s a y  A h m e d  S u b h i
Correspondingauthor
Assistant	Professor*

E-mail:	kussaysubhi@atu.edu.iq
E m a d  K a m i l  H u s s e i n

Assistant	Professor*
S h a y m a a  A b d u l  K h a d e r  A l - J u m a i l i

Assistant	Professor*
Z a i d  A l i  A b b a s

Researcher
Department	of	Electrical	and	Electronics	Engineering

Universiti	Putra	Malaysia
Serdang,	Selangor,	Malaysia,	43400
*Al-Mussaib	Technical	College	TCM

Al-Furat	Al-Awsat	Technical	University	ATU
Al-Mussaib,	Babil,	Iraq,	P.O.	Box	51006

In this research, a numerical investigation has 
been conducted to analyze the dynamic load of the 
composite structure. The composite structure was 
solved and analyzed using the static structure tool. 
There is a physical model that has been impor
ted and meshes have been done accordingly. Shear 
stress, vonmises stress, and total deformation are 
all considered as part of the analysis. Using finite 
elements to simulate the composite structure and 
response to the applied loads. Because dynamic 
loads were regularly applied, frequency response 
was examined.  In this study after verification of 
this computer simulation with experimental results 
and the results showed it was confidence 95 %. This 
percentage confidence allows proceeding numer
ical analysis. Deformation of the entire structure 
has been computed and found to be 10 mm, which 
is the maximum amount of overall deformation that 
can be caused by the applied load, In the Yaxis,  
a dynamic load was applied. The imposed dyna
mic load has been studied numerically and inter
preted in terms of shear stresses. As a result of the 
maximum applied load, the maximum shear stress 
is 10 MPa. The complete composite construction 
was subjected to VonMises stress measurements. 
The structure’s ability to withstand these stres
ses was determined by conducting a series of tests. 
The greatest von mises stress that can be applied  
in this study was 40 MPa. An investigation of how  
to react to vibration has already been carried out. In 
the numerical results, it was found that the reaction 
to the vibration was inconsistent. In terms of ampli
tude, the highest values may be found at 200 Hz, 
while the lowest values can be found at 20 Hz
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1. Introduction

Static structures are widely used in ultra-precision ma-
chining, optical focusing, micro/nanomechanical testing, and 
micromanipulation because of their compact construction, 
non-electromagnetic interference, fast reaction, and high po-
sitioning resolution [1]. It is usual for stepping piezoelectric 
actuators to be built to meet the needs of applications where 
both high positioning resolution and large working stroke are 
required [2]. Stepping piezoelectric actuators can be divided 
into ultrasonic driving type, inchworm driving type, stick-
slip driving type, parasitic motion driving type, and so on. 
The stick-slip piezoelectric actuators, which have a simple 
structure and control, have been widely used. In order to 
further improve the performance of stick-slip piezoelectric 
actuators, numerous studies have been conducted in recent 
years. A stick-slip placement stage, for example, was pro-
posed to improve loading capacity by separating the driving 
and moving units [3].

In order to improve the stability of the motion, Liu and 
Chu used the gravity of the rotor or slider to maintain a con-
sistent contact status. [3] came up with the notion of creating 
a forward frictional force to counteract the reversed frictional 
force in stick-slip piezoelectric actuators. Improving the driv-
ing frequency of stick-slip piezoelectric actuators is a standard 
approach for increasing motion speed. For instance, stick-slip’s 
piezoelectric actuator reached a maximum motion speed of 
6.057 mm/s at a driving frequency of 5000 Hz by creating  
a Z-shaped flexure hinge [4]. To further increase the speed of 
their stick-slip piezoelectric actuator, they used a parallelo-
gram-type flexure hinge [5]. This piezoelectric actuator was 
further improved upon utilizing a triangular compliant drive 
mechanism, and it obtained a remarkable speed of 46.67 mm/s 
at 3500 cycles per second [6]. It is possible for these actuators to 
move at a relatively fast speed, but their operating frequencies 
are also fairly high at more than 2000 Hz. The stability of the 
system is compromised and the stick-slip actuator experiences 
increased wear and tear while operating at a high frequency [7].
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There was a tendency to position actuators on the ampli-
fier’s exterior, resulting in bulky structures. Because of its small 
size, the bridge-type amplifier (BTA) has been utilized in com-
pliant positioning systems. BTA’s dynamic performance is also 
inferior due to the fact that PEA restricts its size and shape. 
The performance of micro/nano positioners can be improved 
by developing a novel compliant amplification mechanism 
with a small size and good dynamic characteristics. When de-
signing micro/nano positioners, keep in mind the importance 
of motion coupling. To achieve input and output decoupling, 
many motion decoupling techniques have recently been de-
veloped indeterminate symmetric construction to accomplish 
varied decoupling of axial motion [8]. As much cross-coupling 
as possible was achieved using a decoupled XYZ. Flexure 
Roberts mechanism was used in the parallel-kinematic posi-
tioner devised [9]. This positioner has a cross-coupling limit 
of 1.7 %. Asymmetric stiffness mechanism motion coupling 
has been reduced for most of the positioners mentioned above 
using overconstrained structures [10]. However, few studies 
have focused on motion coupling caused by inconsistent cen-
tral axes of the PEA and input mechanism, which will have  
a major impact on positioner motion coupling.

The effects of strain rate on hysteresis loops and fatigue 
life were examined at room temperature. In order to describe 
the isothermal tiredness of the material, they used the notion 
that damage accumulates in solder material and applied it to 
the theory of damage mechanics to arrive at a definition of fati- 
gue failure. Experiments have proven that the model is accurate 
in predicting how fatigue and cyclical behavior will impact 
load rates. The effects of temperature and microstructure on 
bereavement of harm dynamics were required to be fully un-
derstood. Thermal-aging copper/lead-free soil joints that have 
been as-soldered are monotonous and cyclically distorted.

Shock-induced failure of solder junctions owing to ultra-
sonic vibration welding can now be tested using an improved 
simulation, according to [11]. The dynamic vibration process 
was investigated using FEM during the welding process, 
according to the findings of the study. A number of resear-
chers, including (have stated that FE approaches have been 
developed to anticipate the damage produced by ultrasonic 
welding in the plastic components. Many applications call for 
numerical models of thin metal with ultrasonic vibration. To 
show ultrasonic welding in a FEM, the mechanical properties 
of the top foil and substrate are very important [12].

Therefore, studies that are devoted that the elements can be 
simulated using a finite-element model, but still confront major 
geometry issues. Therefore, Research will focus on creating 
composite material for mechanical features and analyzing su-
perior property values through efficient finite element analysis.

2. Literature review and problem statement

Primary structurally loaded components of commercial 
and military aeronautical vehicles have long made use of com-
posite materials. Composite materials, on the other hand, are 
susceptible to multiple types of damage throughout the pro-
duction, transportation, and operating processes. Low-velo-
city impact damages such as fiber breakage, matrix cracks, 
and delaminations, which are difficult to detect and have the 
potential to seriously compromise the structural integrity of 
composite structures, are a major problem in the composite 
structure design. Structure health monitoring (SHM) is be-
coming increasingly popular because of recent innovations in 

sensing technologies, as well as advancements in processing 
and communication [13].

Composite structure impact loads are typically identified 
by determining the impact position and then recreating the 
impact force history. There have been a lot of studies done 
and reported on impact load identification during the past 
few years [14]. It is possible to locate the impact site by 
employing joint time-frequency analysis to evaluate the im-
pact-induced stress waves. The impact location can be deter-
mined by solving a series of nonlinear equations explaining 
the relationships between impact location, group velocities, 
and times-of-flight (TOFs). However, this method can only 
be used to estimate the impact site without providing any 
information regarding the impact force. Impact forces can be 
reconstructed using analytical methods described [15] which 
find relationships between impact force and reactions with 
known impact site in isotropic plates. To find the inverse im-
pact force history, use this connection. Analytically, it’s diffi-
cult to establish an accurate correlation between composite 
and complicated structures. The use of intelligent methods is 
also applied to identify the impact. It has been demonstrated 
that neural networks may be used to identify the impact site 
and degree of impact force concurrently [16]. However, it 
requires an exhausted impact data set through training tests, 
which may not be practicable for practical usage. There have 
only been methods based on system optimization theory that 
have been successful in determining the impact site and im-
pact force history [17]. This robust impact identification. For 
laminated composite plates and stiffened composite panels, 
this method to identify the impact load. 

In this study, researchers have found a small finite ele-
ment model regime to investigate element failure, but they 
still face significant structure geometry challenges. As a re-
sult, the focus of this research will be on developing solder 
junction mechanical characteristics and investigating superi-
or property properties through efficient FE analysis.

3. The aim and objectives of the study

The main aim of the study is to investigate the effect of 
the dynamic load on the composite structure numerically. 
This development will increase the mechanical performance 
composite of the L-shape structure. 

To achieve this aim, the following objectives are ac-
complished:

– to investigate the response to the applied load has been 
investigated and explained clearly;

– to calculate von Mises stresses have been undertaken 
for the entire structure due to the applied load;

– to determine shear stresses due to the applied load were 
conducted and analyzed basely;

– to determine total deformation due to the reputation 
of the applied loads has been investigated and analyzed ac-
cordingly. In this study, the effect on the entire structure has 
been considered.

4. Materials and methods

In this research to carry out the simulation process, there 
are several steps must be followed accordingly. The first step 
is to set up the finite element to be suitable for use. Secondly, 
import geometry and mesh it basely. To run the simulation  
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process, boundary conditions must be defined in terms of 
material properties. 

4. 1. Finite Element Analysis set up 
Static, Modal, and Transitional Finite Element Analysis 

was used in this study. Modal analysis is used to identify the 
equipment’s normal frequencies and model forms. Feature 
parameters such as natural frequencies and design shapes are 
critical. In the event of a dynamic loading situation. Alloy 
structural stability is determined by resonance frequencies 
and fashion shapes. If the frequency expected by the model 
is similar to or at a resonant frequency, the computer will 
undergo unregulated non-linear deformation, which can lead 
to a system failure or inaccurate test results.

4. 2. Geometry and Meshing
An l-shaped structure of composite materials was used in 

the study. For the purposes of creating the project’s geometry, 
AUTOCAD software was utilized. In order to produce the 
mesh, we used ANSYS mechanical, which was informed by 
our research into [18]. Pave meshes of three and four types 
were used in the more sophisticated models, while quad 
meshes were used in the rest of the models. ANSYS, as illus-
trated in Fig. 1, provides a finished mesh as displayed.

 

Fig.	1	The	meshing	model

Mesh has been created using a static structure tool in the 
ANSYS. it has been done with a soft option with a suitable 
number of elements. Elements have been distributed equally 
to ensure quality in the outcome results.

4. 3. Boundary Conditions
In this research, the L-Shape sandwich structure was 

carried out to investigate the characters of this alloy within  
a particular period due to high frequencies. The following 
table shows the structure features as shown in Table 1.

Table	1

Mechanical	properties	of	L-Shape	sandwich	structure

L-Shape 
materials 

Poisson’s ratio Density 
Young’s Modulus of 

elasticity 

Units gm/cm3 gm/cm3 GPA

Values 0.3 5.4 12.1

In order to carry out the results, three main elements 
should be provided. Poisson’s ratio, Density, and Young’s 
Modulus of elasticity these elements are defining the mate-
rial inside the ANSYS library.

5. Results of Numerical analysis of L-shape  
composite structure 

5. 1. Grid independent explanation of numerical analy-
sis of the composite structure 

ANSYS 16.1’s vibration response tool was used to do pre-
processing on the structure. In this study, a local mesh model 
was generated. Linear loads are sufficient for the current 
type of elements. As illustrated, seven methods were tested 
with the same applied load of 1000 N and the same overall 
deflection. Based on the findings of the simulations that were 
conducted. The curve becomes horizontal with 9000 compo-
nents at a total deflection of 0.22 mm. That the meshed mo-
del is convergent has been demonstrated in this experiment.

5. 2. Validation of the previous study of the composite 
structure 

Validation must be performed under the same settings as 
the experimental work in order to continue using the existing 
boundary conditions. Fig. 2 shows the results of a simulation 
method that was used. Fig. 2 shows the relationship between 
the experimental simulation and its effects. The current re-
sults have been compared with studies accordingly [19]. After 
comparing the results of the computer simulation with those 
of the experiments, the researchers came to a 93 % conclusion.

The results have proven that it is valid to proceed with the 
new attempts. This step was considered is the most important 
one among other steps. Once, the first results of the simula-
tion are varied other results will be confident accordingly.

 
Fig.	2.	Comparison	between	simulation	results	and	

experiment	results

5. 3. Response to the vibration of the L-shape of the 
composite structure 

The L-Shape structure response to vibration in terms of 
amplitude (stress) varies, according to the numerical data. An 
ANSYS tool called Harmonic Response was used to do this 
research. Amplitude (stress) was used as the primary metric 
to assess the structural vibration response. As can be seen in 
Fig. 3, the amplitude has been reduced to its smallest possible 
value. At 100 Hz, the amplitude reached its highest point. The 
purpose of this test is to get insight into the mechanical re-
sponse of materials to the frequencies being applied. As a result, 
the vibration response is unstable for the material employed.

In this study, the dynamic load was applied raptly and 
Fig. 3 showed the response of the composite structure to the 
applied load accordingly. Where the maximum responses 
have been done two times during the simulation process. 
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5. 4. Results of Numerical analysis due to applied dy-
namic loads 

To assess the shear strength of an l-shape structure this 
research used high frequencies and a precise flow period.

5. 4. 1. Implementation of shear stresses 
Due to the precise time range of flow, ANSYS software has 

been used to simulate the shear strength l-shape sandwich. As 
shown in Fig. 4, the FE model has yielded this outcome.

The 10 kHz frequency was used in this trial with a flow 
time interval of six (0, 1.5, 3, 4.5, 6 sec). At 3 sec, the max per-
formance (stress) was 10 MPa. As well as the results, it was 
shown that the lowest output occurred at the highest flow 
time as flow 8.1 MPa at 6 sec. Fig. 5 indicates the frequency 
implementation for a different time span as shown in Fig. 5. 

 
Fig.	4.	Shear	stress	due	to	dynamic	loads

 
Fig.	5.	Shear	stress	due	to	dynamic	load

Shear stresses have been collected through different 
distances during the applied loads. Where the simulation 
results stated the maximum results have occurred when the 

distance is 0.9 and the minimum value of shear stress reaches 
the minimum value at 6.

5. 4. 2. Implementation of von-mises stress
Fig. 6 shows the graphical effect of von-mises stress due 

to applied dynamic loads L-shape sandwich structure. Where 
the two substances are subjected to horizontal (Y direction) 
forces that lead to shear stress. The force has been applied 
with an organized range of frequency. This investigation was 
carried out by applying these loads.

The numerical results stated that a 120 kHz frequency 
and a flow time interval of six minutes were used in this 
experiment (0, 1.5, 3, 4.5, 6 sec). The maximum force (per-
formance) was 40 MPa at 3 seconds. Additionally, the lowest 
production was found to occur at a flow rate of 33 MPa for  
6 seconds. For a different time span, the dynamic load’s im-
plementation is depicted in Fig. 7.

 
Fig.	6.	The	graphical	effect	of	Von-Ьises	stress	on	L-SAHPE	

structure	due	to	dynamic	loads

 
Fig	7.	Von-mises	stress	due	to	dynamic	loads

Fig.	3.	Vibration	response	in	terms	of	Amplitude	(MPa)  
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This is seen in Fig. 7, which shows the simulation results. 
The graph demonstrates that the two curves are connected 
by two frequencies, 120 Hz and 100 Hz. There are stronger 
intensity values attributed to the simulation than to the find-
ings produced by 20 kHz at the same interval.

5. 4. 3. Total deformation calculations 
Total defamatory data acquired by ANSYS Software is 

depicted graphically in Fig. 8. The entire simulation was 
carried out using a static structure tool. Fig. 8 depicts the 
deformation of an L-shaped sandwich structure as a result of 
dynamic stresses. Shear stress occurs when two materials are 
subjected to horizontal (Y) forces that cause them to be dis-
placed. The force has been administered systematically, using 
a set of predetermined frequencies. These loads were used to 
conduct this experiment.

 

Fig.	8.	Еhe	effect	of	total	deformation	on	the	structure

Fig. 8 showed the effect of the total deformation due to 
applied load graphically. Where the results have shown that 
the maximum deformation is 10 mm and occurred at the end 
of the body and the minimum deformation occurred on the 
front end of the body.

6. Discussion of the results of the numerical analysis  
of L-shape composite structure 

In this study, three main parameters have been consid-
ered to be investigated and analyzed. The first of the main 
parameters is shear stress due to the dynamic load on the 
composite structure. The result has explained the effect of 
the loads on the L-Shape structure in terms of shear stresses. 
This process has been shown in Fig. 4 where all body has been 
subjected to the dynamics loads and the simulation process 
shows the responses of the body to the loads in terms of the 
shear stresses. The results can be explained in calculations 
shear stresses value with each step of the applied load as 
shown in Fig. 5. 

The second parameter that has been undertaken is total 
deformation to all structures within the applied dynamic 
load as shown in Fig. 8. Thirdly, von mises stress is also em-
ployed to be investigated for the applied load. The results can 
be explained in calculations of deformation in each step of the 
load at different distances.

The feature of the current method is to evaluate the 
main input in the Ansys software and solve the inputs basely. 
The finite element method has proven its effectiveness in 
the previous studies for that purpose it has been employed 
in this study. Composite of L-shape structure was created, 
modeled, and meshed using static structure tool in Ansys. 
This model was defined using the ANSYS library. Dynamic 
loads were applied and investigated.  Thus, the numerical re-
sults that were got from the numerical analysis based on the 
FE method have been compared with the experiment results 
accordingly as shown in Fig. 4. The confidence of the numeri-
cal result with previous results will prove that the simulation 
process setup is made accordingly. 

The limitation of current research is with dynamic loads. 
With frequency (limited). The output is limited on the shear 
stress, total deformation, and von mises stress. 

This result can be further modified in the future using dif-
ferent methods in solving input and different software. The 
frequency range can be extended more with higher or lower. 
Materials also can be developed or changed.

Several challenges have been faced in numerical analysis, 
the most effective one is setting mesh with a suitable number 
of elements.

7. Conclusions

1. Response to the vibration has already been conduc-
ted to be investigated accordingly. The numerical results 
revealed that the response to the vibration fluctuated. The 
maximum amplitude occurs at a frequency of 200 Hz and the 
minimum amplitude reached 20 Hz.

2. Shear stresses have been analyzed and explained in the 
numerical analysis to the applied dynamic load. the maxi-
mum shear stress load to the applied load is 10 MPa this with 
the maximum applied value of the load.

3. Von-mises stresses were determined, of the entire body 
of the composite structure. These stress were investigated 
to indicate the capacity of the structure. In this study, the 
numerical results stated that the maximum von mises stress 
can be used is 40 MPa.

4. Total deformation, of the entire structure, has been 
calculated and the results stated that the maximum value of 
total deformation due to the applied load is 10 mm. dynamic 
load was applied in Y-axis.
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