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Abstract

Vibration, especially basic vibration, may cause loose contacts, open circuits, or other con-
tact problems, which account for a large proportion of system failure causes. Due to the
complexity of the chassis structure used in the biomedical motors, the vibration analysis
of a single component cannot solve the vibration problems encountered in the work of
the system. Therefore, it is necessary to use system simulation and experiments to monitor
and enhance the health of the structure. Finite element method is used to carry out the
dynamic analysis from the component to the system, and calculate the natural frequency,
modal shape and harmonic response. Then, the effectiveness and accuracy of the analysis
results are verified by experiments through simulation and experiments. The results show
that the measures taken have effectively reduced the vibration of the chassis equipment and
improved its safety for better health safety of patients. There is just a 2% vatiation between
the natural frequencies acquired from the experiment and the simulation computation. In
terms of natural frequency, the first 6-order natural frequencies all have errors of less than
10%, and the natural frequency error is comparable to that of fireproof board.

* Used in Medical pumping: In Biomedical application like
computed tomography (CT) scanner, Dialysis, continuous

With the rapid development of the Internet of Things (IoT), its
application has been involved in many fields, such as intelligent
control, structural health monitoring, biomedical application.
IoT applications in health and biomedicine are key ateas of
study. Some of the IoT applications include hospital man-
agement systems, remote patient monitoring, medical waste
management, robotic nursing assistants, cancer detection via
body scanning, Parkinson patient monitoring, dementia patient
monitoring via GPS smart soles, depression monitoring via
smartwatches, glucose monitoring, efficient drug management,
and hand hygiene monitoring. In Biomedical application motors
are been used for different purpose such as:

* For Mobility: Different motors with help of gear system is
used in wheelchair to make the patients enjoy their freedom.

positive airway pressure (CPAC) machines and many more
uses different motors for cooling the medical operative
machine, help meter fluids for proper indication, help
transfer of gases inside the medical equipment’s.

* Used in Robotic Operations and surgery: Now a days doc-
tors are assist with robotic arms and devices to take part in
surgical operation. These robotic arms and devices must be
accurate and reliable

* Motor powered prosthetics: To eliminate the disability of any
human being artificial limbs play a vital role in this 21st cen-
tury. These artificial limbs are powered with motors for their
operations.

From the above discussion it is clear that there is require-

ment of better conditional health monitoring of motor such
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that secondary damage which include human life can be
saved.

As a basic part of the Internet of Things system, the chas-
sis equipment must have the ability to route billions of data
packets within a few seconds. The network quality that con-
nects these online devices and affects the communication speed
determines the development of the Internet of Things. In order
to improve communication speed and network quality, chas-
sis equipment must usually be placed on site, which means
that they will be exposed to unprecedented conditions such as
extreme temperature, humidity, corrosive smoke, and mechan-
ical vibration [1]. Because of the Internet of Things, wireless
sensor networks (WSNs), which are made up of several sen-
sors, are commonly used in monitoring essential equipment.
The massive amount of data acquired by sensors, which has
profited from the advancement of data mining technologies,
simplifies condition monitoring and issue identification [2, 3].
Various devices are used now days for vibration measurements.
Accelerometers are used in a wide range of applications, such
as condition monitoring, activity recognition, and vehicle mon-
itoring. Accelerometers are also used to track motion in most
handheld smart devices, such as Smartphone. The physical
limitations of such devices have spurred the demand for pre-
cise, affordable, tiny, and power-efficient accelerometers [4, 5].
Among these environmental factors, vibration, especially basic
vibration, may cause loose contacts, open circuits, or other con-
tact problems, which account for a large proportion of system
failute causes. Therefore, system-level simulation and expeti-
ments are needed to monitor and enhance the structural health
of IoT chassis equipment. The contribution of the current study
are given below:

* The authors of the current study used system simulation
and experimentation to improve the chassis equipment’s
structural strength.

* The dynamic analysis from the component to the system is
petformed using the finite element method.

* The natural frequency, modal shape, and harmonic response
of a specific Internet of Things chassis equipment are
calculated.

* Experiments are used to validate the effectiveness and
correctness of the analytical results.

* The weak points of the entire system are identified through
simulation and experiment, and then recommended solutions
to enhance the structure and reduce vibration are tested in
both simulation and experiment.

1.1 | Finite element analysis

The finite element simulation for this IoT chassis equipment is
implemented in ANSYS Workbench. The size of the chassis is
450 mm X 450 mm X 50 mm, as shown in Figure 1, which is
mainly composed of six parts: the bottom plate, the skeleton,
the left and right circuit boards, the circuit board bracket, the
power module and the upper case [6]. At the same time, set
the circuit board support to be translucent. A large T-shaped

Power-supply module

L N\

4—‘ Bottom PCB plate ‘
1—‘ Among PCB plate ‘

l&— Crown Base Height
(CBH)

‘ Offside PCBA panel

‘ Left-side PCBA panel

FIGURE 1 Chassis geometric model diagram

printed circuit board assembly (PCBA) board is fixed on the
bottom plate, which is shown in dark yellow in the Figure. The
left and right circuit boards are connected to the middle frame
through the circuit board bracket, and each circuit board is com-
posed of the PCBA board and the fireproof board on the back.
The PCBA board is displayed in green. When measuring the
vibration of the circuit board, the main measurement is the
PCBA board [7]. PCBs are circuit boatrds that link electronic
components together. They’re a crucial component of the elec-
tronics we use in our daily lives, and they’re used in a variety
of sectors. They’re constructed of a non-conductive substance
with lines, pads, and other features carved from copper sheets
to link the electronic components of a device electrically. Some
PCBs additionally include components such as capacitors and
resistors put on them. When designing printed circuit boards
(PCBs), keep the following major cause of electronic failure in
mind: temperature cycling, tremor, mechanical stress and drop.
A variety of testing methods may be used to determine how
and why electronics fail, but PCB modelling and simulation is a
significantly quicker and cheaper approach [8, 9]. As the exper-
imental measurement requires that the laser beam can directly
reach the point to be measured, while the left and right PCBA
boards are blocked by the upper case and the circuit board
bracket, the material corresponding to the two large square
holes is removed from the upper case of the case. The product’s
geometrical and technical representations are contained in the
design model. It provides the geometric and technological assis-
tance that analysis requires. Constraints on design parameters
are also part of the design model. They’re an operating version
of the criteria in the requirements list, and they’re a first step in
defining the analysis aim. When a new chassis is designed, the
shell model supplied is used to compute global stiffness (vali-
dation of the first need to enhance rigidity under torsion and
bending loads) and maximum stresses in the structure (valida-
tion of the design in terms of resistance). The chassis model
which is connected with various parts as shown in Figure 1.
The bottom plate, the left and right side panel, the circuit board
bracket, the power module and the upper case and the Crown
Base Height (CBH). On the bottom plate, which is depicted in
dark yellow in the Figure, a sizable PCBA board in the shape of a
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TABLE 1 Initial material parameter settings of chassis components method is used to solve the problem. The Scanning frequency
Elastic is 30-300 Hz. A basic acceleration of 0.5 X g is applied to
Density/ modulus/ Poisson’s the whole model to incent it. The incentive direction is verti-
Chassis components (kg m®) GPa ratio cal downward, perpendicular to the horizontal chassis, and the
Bottom plate 2000 %6 0.8 1gcent1ve posmon. is tl.le whple chassis. Bequs; the 1ntert.151ty of
different order vibrations in the system is different, with the

Bracket 2770 61 0.33 .
change of frequency, some contacts in the system atre strong
PCBA board 3300 2 0-28 and weak, resulting in the change of damping, Therefore, setting
Skeleton 7850 200 0.3 a single constant damping in the model is inconsistent with the
The upper case 7850 200 0.3 actual situation [20]. In order to better simulate the experimental

T is fixed. Each circuit board is made up of a PCBA board and a
fireproof board on the back, and the left and right circuit boards
are joined to the main frame via the circuit board bracket. Green
text is used to display the PCBA board. The PCBA board is the
primary measurement for assessing the vibration of the circuit
board.

1.2 | Parameter index

In the calculation, the initial material parameter settings of each
component are shown in Table 1. Since each PCBA board con-
tains parts such as chips, heat sinks, connectors, and fireproof
steel plates, and is not composed of a single material, its actual
calculation parameters need to be adjusted accordingly after
comparing with the experimental results [10-12]. Sometimes
in citcumstances, the reaction of the shock and/or vibration
environment will play a significant part in the overall damage.
These dynamic effects can cause the structure to resist substan-
tial amplitudes and/or acceleration levels, whether generated by
the environment, manufacture, shipping, handling, operation,
or any other source [13, 14]. As a result, the issue of shielding
PCBs against the effects of acute vibration should be addressed.
To begin with, it is critical to fast and accurately model the sys-
tems in order to acquire a good vibration reliability estimate 15,
16]. The PCBA board is fixed on the skeleton by screws and
connectors. In order to facilitate calculations, detailed features
such as screws and pins are removed from the finite element
model, and the surfaces of the two components at the con-
nection of the corresponding position are bound together in
ANSYS as a simplified contact condition.

After setting each parameter, modal analysis and calculation
are performed, and the first 60-order modes including many
local modes are extracted by the block Lanzos method [17-19].
After obtaining the natural frequency and mode shape of the
system, in order to determine the deformation of each part of
the structure under different frequencies of simple harmonic
loads, a harmonic response analysis is required. The results of
the analysis can be used to predict the continuous dynamic
characteristics of the structure and help verify whether the sys-
tem can overcome harmful factors such as resonance, fatigue
and other forced vibrations. The harmonic response analysis
can use the complete method, the reduction method and the
modal superposition method. Here, the modal superposition

results, the finite element model uses the assumption of modal
damping, and sets different modal damping ratios according to
different modals. Use the MDAMP command in ANSYS to
input the modal damping ratio into the analysis model. The
damping ratios of the first five-order modes are 0.0035, 0.1, 0.4,
0.04, and 0.0006, respectively. The value of the damping ratio of
each mode is determined after the comparison and adjustment
of simulation and experimental results. The vibration properties
of the chassis assembly are investigated in this study, as well as
damping adjustment. However, because of the huge number of
internal elements of the chassis and the intricate contact circum-
stances, doing a direct finite element analysis of the assembly is
not only difficult, but also time consuming. Find the source and
transmission channel of severe vibration in the chassis struc-
ture using harmonic response analysis, then implement suitable
optimization steps to minimise vibration. Finally, perform
simulation analysis to validate the vibration reduction measures.

2 | LITERATURE REVIEW

At present, many results have been achieved in the vibration
analysis of the internal components of the chassis in many
aspects such as soldering points, connectors, and PCBA. For
example, Che et al. conducted vibration fatigue experiments
and analysis on flip chip solder joints, and developed a quasi-
static finite element analysis method to study the stress—strain
behaviour in the prediction of the solder joint vibration fatigue
life, as shown in Figure 2 [21]. Bo Zhang et al. constructed a
finite element model for standard PCBA boards assembled in
three chip sizes, and verified the analysis results through modal
tests [22]. It should be noted that the finite element model dis-
cussed in these studies is mainly a part of the entire system,
while as a complex of many components, the characteristics of
a system affect each other, and even the characteristics of the
joint surface between components will be superimposed on the
system characteristics [23—20]. Therefore, it is still a challenging
task to analyze the vibration characteristics of chassis equip-
ment at the system level. Conle and Mousseau [27] published an
analytical assessment of the fatigue life of vehicle chassis com-
ponents based on automotive proving ground load history data
and current computational breakthroughs. Sane et al. [28] used
an iterative technique to do stress analysis on a light commercial
vehicle chassis in order to reduce stress levels at crucial areas.
Guo and Chen [29] investigate the dynamic and modal analysis
of a space chassis (complex 3D chassis) and use the principle of
superposition to analyse transient response. In order to capture
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FIGURE 2  Tatigue life curve

these vibration-coupled difficulties, engine mounting systems
with flexible foundations must be modelled [30]. The coupling
effects were shown to be significant for frequencies lower than
idle speed but insignificant for frequencies greater than idle
speed in prior studies. Kotari and Gopinath [31] give a study
of a chassis frame for enhancing payload capacity by adding
stiffener and c channel at the greatest stress zone of the chas-
sis frame, which results in a 20% increase in pay load capacity.
In [32], Marzban et al. provided the most essential character-
istics, such as material, thickness, form, and impact condition,
and analysed them for the design and analysis of an automotive
front bumper beam in order to improve crashworthiness in low-
velocity impacts. Xu et al. [33] introduced a novel finite element
solver. The solid-shell element model is competitive enough in
the simulation of medium thick plate metal forming and spring
back, according to the findings.

Internet of Things (IoT) technologies are expanding quickly
across many industries, including healthcare services, and pro-
vide exciting promise in terms of technology, business, and
society. The use of wearable technology and its many health
monitoring applications is fuelling the growth of the Internet of
Medical Things (IloMT). By identifying diseases eatly, the IloMT
significantly contributes to lowering death rates [34]. For the
treatment of patients in crises, fog computing is a developing
trend in the healthcare industry. Fog computing enhances the
quality of services in the heterogeneous network, which leads
to better outcomes in the healthcare industry. In order to save
the lives of people, it is necessary to transport vital multimedia
medical data in real-time via higher-quality networks [35].

This article studies the vibration characteristics and damp-
ing optimization of the chassis assembly. However, due to the
large number of internal parts of the chassis and the com-
plex contact conditions, if the finite element analysis of the
assembly is directly carried out, it is not only difficult to set
the material parameters, but also easy to set the wrong con-
tact surface parameters. Therefore, the simulation analysis of the
chassis is carried out step by step in the order of parts-semi-

assembly-chassis as a whole. First, determine the parameters
of the component materials through the analysis of the com-
ponents. After the analysis of the components is completed,
the components are gradually assembled and analyzed, and
the parameters of the contact surfaces between the compo-
nents are determined in turn. After the components are fully
assembled and all the contact parameters are determined, the
analysis model that can replace the actual chassis is obtained.
Through harmonic response analysis, find out the location of
severe vibration in the chassis structure, analyze the source and
transmission path of vibration, take reasonable optimization
measures to reduce vibration, and then conduct simulation anal-
ysis to verify the vibration reduction measures. In order to verify
the finite element model analyzed above, the experiment test the
natural frequency and mode shape of each component, semi-
assembly and the chassis as a whole, as well as the harmonic
response of the chassis, and then compare experimental results
with the numerical analysis results [36—38].

During the measurement, the chassis and rigid frame are
fixed on the horizontal platform, and the horizontal platform
is incented with a sine frequency sweep signal with an ampli-
tude of 0.5 X g The scanning frequency range is 30-300 Hz,
and the scanning rate is 1 Hz/s. It is believed that the incen-
tives received by the chassis are consistent with those received
by the platform [39—43]. Taking the two PCBA boards inside
the measuring device as an example, the scanning laser vibrom-
eter scans the 112 positions in the Figure one by one, and then
calculates the natural frequency and mode shape based on the
experimental results. Extract the harmonic response amplitude
of the measured point and the platform measured by the refer-
ence accelerometer, and take the ratio of the two as the vibration
magnification to reflect the vibration.

3 | METHOD

3.1 | Vibration response analysis method
The differential equation of motion with viscous damping and
multiple degtrees of freedom:

[MIEX} + [CHXG + [K]{EX} = {F()} ©)

The modal equation is:

[@IM][P][y] + [PICIPHy} + [PUKN[PHy} = [PHLS )} @)

where [®] is the modal matrix. According to the orthogonality
principle, only the diagonal elements of the modal mass matrix
and the stiffness matrix are not zero. Due to the complexity
of damping, when modal changes are made to viscous damp-
ing, it cannot be made into a diagonal matrix. The approximate
method of proportional damping can be adopted to diagonal-
ize the damping matrix. In actual work, the damping matrix [C]
is usually not established first, but the modal damping ratio is
first obtained through modal tests, and then the damping term
is added to the modal equation.
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The modal matrix [®] is composed of the main vibration
shapes from low to high, which can be obtained in turn by the
matrix iteration method [2]. The iteration matrix is as follows:

AX =X ?3)
where,

A=rk"M

- , 4

A=1/w

It can be assumed that the initial vector is X 1, which can be
expressed by superposition of main vibration modes:

Xi=q®1+60,+50;+ - + ©)

where ¢ is a constant, and the two sides of the equation are
multiplied by the matrix A to get:

/_4)(:)(2:€11_4¢’1+£2121(I)2+€3;4q)3+.‘.+ )

Since each vibration mode satisfies the following relationship:

A, = — @, 9

The right side of equation (6) becomes:

=c 1 | 1 8
)(2 — @+ 5D+ — D3+t ()
@7 “ “3

After n iterations, X, is obtained:

- 1 1 1
AX,— =Xn=flp‘p1+fzp®2+f3pfb3+---+

1 2 3
©)
3.2 | The differential equation of modal
motion of forced motion can be expressed as
(UM @)y} + [PICNPHY} + [PIKHy
= [PHF () = [@,] % —[@.] x} (10)

where [®,,] = [My] + [®,] + [M;] is the effective mass matrix
of the forced motion degrees of freedom [®,] = [C;][®,] +
[C;], is the effective damping matrix of the forced motion
degrees of freedom. The above analysis is a theoretical method
to solve the vibration response. Combined with the finite ele-
ment method, the vibration response of a complex model can
be solved. The specific method is to discretize the model by the
finite element method, and obtain the mass and stiffness matrix,
and then use the matrix iteration method to get the modes of
each order, and then use the modal motion equation to get the

Sensors data collection regarding
vibratioin

!

Signal Preprocessing

l

Compute modal matrix of the data

Exceed the threesold
?

Sensor data collected from the equipemnt

Comparison Historical

data sets

Is data miss match

The system is
operating well

Repacment

FIGURE 3 Proposed conditional monitoring of motor

model’s response to the incentives. Figure 3, show the overall
flowchart of the proposed system. The sensors attached with
the motors collect continuous data. The sensors collect data
of vibration in the chassis of the motor and send to the signal
processing unit. The signal processing unit process the signal
by eliminating the bad data of the system. The data must be
pre-processed to eliminate detector errors before we begin the
sampling procedures. The most crucial step in data processing
is pre-processing. Data pre-processing procedures get the data
ready for analysis. Modelling the data to derive usable data is
the next step after data are gathered as an experiment’s result.
The data output may be excessively large, insufficiently small, or
fragmented. The first step in pre-processing data is classifying it
into one of these three categories and processing it accordingly.
ANSYS includes functions like “resampling” and “decimate”
that assist us in achieving some of the goals. For every biomed-
ical application the vibration threshold is fixed and in case the
system increases the threshold value, then the compatison with
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TABLE 2  Comparison between simulation results and experimental

results of natural frequency

Order

Method 1 2 3

Simulation results /Hz 39.613 59.12 102.45
Experimental results /Hz 39.28 58.13 104.38
Error/% 0.85 1.70 1.85

historical data sets is mandatory. If the compared data is mis-
match with the predefine value means the system need visual
inspection otherwise working well. When modal modifications
are made to viscous damping, it cannot be turned into a diagonal
matrix due to the intricacy of damping. The particular technique
is to use the finite element method to discretize the model and
acquire the mass and stiffness matrix, then use the matrix iter-
ation method to obtain the modes of each order, and then use
the modal motion equation to determine the model’s reaction to
the incentives. The vibration response of a complicated model
may be addressed using this approach in conjunction with the
finite element method.

4 | RESULTS AND ANALYSIS

Here, the finite element analysis and experimental results are
compared for motor conditional monitoring for biomedical
application. In the entire study process, in order to determine
the material parameters and the parameters between each con-
tact surface, the results of the components, semi-assembled
body and the whole chassis were compared in turn with the
historical datasets. While the vibration at the connection of the
PCBA board is mainly controlled during vibration reduction.
Thetefore, due to length and in order to highlight the focus of
the study, only the vibration of the two PCBA boards in the left
and right circuit boards inside the chassis are listed here. The
modes of the two PCBA plates are selected and compared with
the vibration amplification curve of point 111 at the end con-
nector of PCBA plate [44, 45]. The curves of the first 3-order
natural frequencies, mode shapes and vibration magnifications
with local modes removed are shown in Table 2.

Table 2 and Figure 4 show that there is a fundamental cor-
relation between the experimental results and the response
magnification derived from the simulation study. Less than 2%
distinguish the experimental results natural frequencies from
the simulation calculation. Additionally, the modal form is
essentially the same, showing that the chassis equipment finite
element model choice is suitable.

4.1 |
board

PCBA single board on the left circuit

After parameter adjustment during the simulation, the simula-
tion frequency of the PCBA single board on the left side circuit

—&a&— Simulation results
100 -

—e— Experimental results

=]
=]
1

Frequency (Hz)
3

40 -

0.5 1.0 15 2.0 2.5 3.0 35
Order

FIGURE 4 Comparison between simulation results and experimental
results

TABLE 3 Comparison of simulation of PCBA single board on the left

Order 1 2 3 4 5 6

Simulation /Hz 63.823  114.04 12456 174.01  203.9 281.11
Experiment/Hz 60 109.38  123.75 175 223.75  305.63
Error/% 6.37 4.26 0.65 0.57 8.87 8.02

TABLE 4 The simulation table of the left circuit board

Order 1 2 3 4 5 6

Simulation /Hz ~ 83.307  145.12 181.06 222,73 27818  315.04
Experiment/Hz ~ 89.38 145 181.88  202.5 313.75 3225
Error/% 6.79 0.082 0.45 9.99 11.33 2.31

board and the experimental results of the corresponding mode
shape are obtained, as listed in Table 3.

From the results of simulation and experiment, in terms of
natural frequency, the errors of the first 6-order natural frequen-
cies are all within 10%, which is smaller than the error of the
fire board. In terms of modal shape, except for the fourth-order
mode, the rest of the rest modal matching is good.

4.2 | Left circuit board
After installing the fireproof board of the left circuit board and
PCBA veneer together, expetiments and simulations atre carried
out to compare the vibration of the front side of the PCBA
single board. After parameter adjustment, the free-state sim-
ulation frequency of the circuit board and the corresponding
experimental results are obtained, as listed in Table 4.

It can be seen from the table that the simulation and experi-
mental results of each order have been determined basically, and
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TABLE 5 Comparison between simulation results and experimental
results of right circuit board

TABLE 7 Comparison between simulation and experimental frequency of
bottom circuit board

Order 1 2 3 4 5 6

Order 1 2 3 4 5 6

Simulation /Hz 91919  166.51 189.33 31431 39231 4557
Experiment/Hz ~ 91.88 161.88 1825 315.63 345 438.13
Error/% 0.042 2.86 3.74 0.41 13.71 4.01

Simulation /Hz ~ 24.547 37594 5745 76484  102.2 105.06
Experiment/Hz ~ 26.88 44.38 60.63 75 90.63  105.63
Error/% 8.68 15.29 5.24 1.98 12.77 0.54

TABLE 6 Comparison between simulation and experimental frequency of
the upper case on the chassis

Order 1 2 3 4 5 6

Simulation /Hz 23.558  40.156  45.3 59.268  83.722  87.638
Experiment/Hz ~ 23.75 38.75 50 60.63 76.88 86.88
Error/% 0.81 3.63 9.40 2.25 8.90 0.87

the error of natural frequency is not larger than that of fireproof
board. Because the material parameters increase when the single
board is measured separately, it means that the contact condition
definition of the circuit board on the left is basically correct.

4.3 | Right circuit board

The circuit board on the right only carries out the experiment
and simulation of the combination of the fireproof board and
the PCBA single board. After compatison, the free-state simu-
lation frequency and the corresponding experimental results are
obtained, as listed in Table 5.

From the results, in terms of natural frequency, results of
the fifth-order natural frequency are quite different, except for
that the difference between the first six results is very small.
But the error of the fifth-order is within 15%, the result is
acceptable. In terms of mode shape, the results of the first
four-order simulation and experiment are basically consistent,
and the first six-order mode shapes are relatively consistent,
indicating that settings of the material parameters and contact
condition definition of the right circuit board are accurate.

4.4 | The upper case

In the separate experimental analysis of the upper-case com-
ponents, two large square holes were not opened, so the
upper-case model obtained at this situation is a complete case.
After adjusting the parameters during simulation, the simulation
and corresponding experimental frequency of the upper case are
obtained, as listed in Table 6.

Because the structure of the upper case is simple, it is easy
to adjust the parameters during simulation. According to the
results, the frequency and mode shape of the upper case on
the chassis can be matched well, indicating that the simulation
parameter settings are consistent with the real situation [46, 47].
It can be seen from the results that the vibrating position corre-

sponding to the low-order natural frequency is the edge of the
upper case, while the violent vibrating position corresponding
to the high-order natural frequency is the middle part of the
upper case.

4.5 | PCBA single board at the bottom

After adjusting the simulation parameters, the simulation and
corresponding experimental frequency of the bottom PCBA
single board are obtained, as listed in Table 7.

It can be seen from the results that because the bottom
PCBA board is a thin-plate structure with a large area, its natu-
ral frequency is low. The absolute value of the simulation and
experimental results of some natural frequencies is relatively
small [48, 49]. However, the relative percentage is relatively
large, which causes the error of some natural frequencies to
exceed 10%. In terms of mode shape, the experimental and
simulation results of the first six order modes are relatively
consistent, and the results are generally acceptable [50, 51].

5 | CONCLUSION

This study analyses and studies the system level vibration char-
acteristics and vibration reduction of a motor chassis Internet
of Things device used for biomedical application. The nat-
ural frequency, modal shape, and harmonic response of the
biomedical motor chassis equipment under the system level fun-
damental incentives are first computed using the finite element
method to perform dynamic analysis from the component to
the system. Experiments are then used to confirm the efficacy
and correctness of the analytical results. The weak points of
the entire system are identified through modelling and exper-
iment, and the source and transmission path of vibration are
examined. The proposed actions to reinforce the structure and
vibration are confirmed in simulation and experiment. The
outcomes demonstrate that the actions performed have success-
fully decreased the chassis equipment’s vibration and enhanced
its safety in biomedical applications. In future we are planned
to use IoT based Wireless Sensor Network (WSN). WSN is
a well-known sensing technology for data collection in intel-
ligent monitoring and surveillance applications. Power failure
or nodes being infiltrated by enemy attacks, the deployment of
nodes within WSN is unavoidable. The installed node could be a
malicious node that compromises and obstructs the IoT-based
smart applications’ ability to gather data.
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