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ABSTRACT

The performance of active suspension systems is directly related to the mechanical design and control of the system. The stable
operation of the controller improves driving comfort and handling. The quarter car model is frequently used in the analysis of sus-
pension systems due to its simple structure. In this study, Matlab Simulink software was used in the modeling, control and simulation
of the quarter car active suspension model. System performance was investigated for four different road profiles with PID and fuzzy
logic control methods. Two of the road profiles used are in the form of impact signals consisting of pits and bumps. The other two
road profiles are random road disturbances with high frequency. The effects of active and passive suspension systems on driving
comfort are compared by taking into account the control methods used. As a result of the study, it has been determined that the fuzzy
logic controller gives better results in pulse signals consisting of bumps and pits, and the PID controller gives better results in high-
frequency random road disturbances. In addition, with the use of fuzzy logic control method in the active suspension system, a
significant decrease in the actuator force has occurred. This result is very interesting in terms of minimizing energy, reducing actuator

sizes and reducing costs.
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1. Introduction

Irregularities on the roads adversely affect the comfort and safety
of vehicles. For this reason, suspension systems in various designs
have been used in vehicles since the end of the 19th century. Vehicle
suspension systems play an important role in reducing the vertical
acceleration of the chassis and providing comfortable and safe driv-
ing. Today, classical suspension systems consisting of coil springs
and damping elements on each wheel are used as standard in passen-
ger vehicles [1,2].

The traditional suspension system used in passenger vehicles con-
sists of three basic components: shock absorber, coil spring and con-
necting elements. Here, the shock absorber performs the duty of ab-
sorbing the shocks originating from the road, and the coil spring per-
forms the task of storing the energy coming to the chassis. The con-
necting elements provide the connection between the wheel hub and
the suspension elements and the connection between the chassis and
the suspension. Traditionally, systems with constant damping and
spring coefficient, known as passive suspension systems, are used in
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vehicles. Suspension systems whose damping properties or vertical
acceleration ability can be adjusted by a control element are known
as active suspension systems. In order to improve driving comfort
and safety, researchers carry out many studies on systems known as
active suspension systems [3-9].

Various approaches are discussed as a control element in active
suspension systems. It is a common approach to use Magneto-Rhe-
ological (MR) fluid instead of the hydraulic fluid used in the shock
absorber system. By using MR fluid, hydraulic fluid viscosity can be
changed by a control current. Thus, the damping rate of the shock
absorber can be actively controlled. This approach is accepted as a
semi-active suspension system in the literature [10-13]. Another
widely considered approach is to add a linear actuator to the conven-
tional suspension system. Thanks to the additional force provided by
this actuator, the vertical acceleration in the suspension system be-
comes controllable. This form of suspension system is known as ac-
tive suspension [14-19].

Stable control of active and semi-active suspension systems is an
important problem for the widespread use of these systems. For this
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reason, many different control approaches are considered by re-
searchers. Various methods such as optimal control theory, feedback
control system, robust, LQR, PID, fuzzy logic are used for the con-
trol of the active suspension system [20-27].

Fuzzy logic is accepted as an important solution method for dy-
namic systems that want to be controlled adaptively. Therefore, there
are many studies on the development of control algorithms using
fuzzy logic in active suspension systems. Studies show that fuzzy
logic controllers provide successful results for active suspension sys-
tems. However, it is seen that the majority of the studies carried out
are on simulation and mathematical modeling [28-37]. Therefore,
the improvement of the control approaches by comparing them with
different methods and making real applications in the following
stages is still a topic of current study.

In this study, active suspension system control was realized by us-
ing PID and fuzzy logic control methods. MATLAB Simulink soft-
ware was used for modelling, control and simulation studies of the
quarter car active suspension system. Passive and active suspension
system results were obtained for four different road profiles. The dis-
placement, velocity, acceleration and actuator controls of the vehicle
body were examined and the superiority of PID and fuzzy logic con-
trol methods over each other was investigated. The effects of the
control structures created in the simulation results on the driving
comfort and control force are discussed.

2. Quarter Car Active Suspension Model

The quarter car model has a simple and easy-to-understand struc-
ture. Itis frequently used in suspension system design and simulation
because it reflects the important features of the full car. The passive
quarter car model has two main masses, spring and unsprung, two
springs and a damper. This system is activated with the actuator
added between the body and the axle. Actuators, which generally
consist of electro-hydraulic elements, provide the control of the sys-
tem by generating forces in both directions. With the system control,
the effects of vibrations caused by road disturbances on the vehicle
body and passengers are reduced [38, 39]. The quarter car active sus-
pension model with 2 degrees of freedom is shown in Figure 1.
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Figure 1. Quarter car active suspension model

In this model, the spring mass m., which corresponds to one
fourth of the vehicle body mass, is represented by the unsprung mass
of the axle and wheel components m,,, the passive components of
the spring and damper coefficients k; and dg, respectively, the
tire stiffness k, and the control force produced by the actuator f,.
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In addition, the displacement of the spring and unsprung masses are
indicated by z, and z,,, respectively, and the road profile affecting
the unsprung mass is indicated by z,.. The constant parameters of the
quarter car active suspension system are shown in Table 1.

Table 1. Parameters of active suspension system

Parameters Values
m, (kg) 300
my, (kg) 50
ks (N/m) 18000
ke (N/m) 190000
dg (N-s/m) 2000

The linear equations of motion for the spring and unsprung masses
of the system are defined using Newton's second law as follows:
My Zy, = kt(zr - Zw) - ks(Zw - Zc) - ds(Zw - Zc) - fa (1)
meze = kg(z, — 20) + ds(2,, — 2.) + fa (2)
In order to develop the state space model of the system x;, x,,
x5 and x, parameters are accepted as state variables. Here x; rep-
resents the displacement of the unsprung mass, x, the velocity of
the unsprung mass, x5 the displacement of the spring mass and x,
the velocity of the spring mass. Quarter car active suspension model
equations of motion are converted into state space model with the
help of the following expressions:

X, = 7, ©))

X, = 2, (4)

X3 = 2, ®)

S ©)

X=X, (7
1

Xy = _— [kezy — (ke + ko)xy — dsxy + kX3 + dsxy — f,] (8)

X3 = X4 (9)
1

do = —[ksty + doxy — sty = dyxa + ] (10)

Cc

The state space model used to explain the system dynamics is ob-
tained as follows:

x =Ax + Bu (11)
y=Cx (12)
x = [x1, X2, %3, %4]7 (13)
u= [faﬂzr]T (14)
0 1 0 0
_ketks 4 ks ds
A= 0 0 0 1 (15)
[ ks ds ks dsJ
mC mC mC mC
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3. Controller Design

In the study, two types of controllers were used to control the quar-
ter car active suspension. These are proportional-integral-derivative
(PID) controller and fuzzy logic (FLC) controller.

PID controllers are a very common form of control in control sys-
tems due to their simple structure, low number of variables to be ad-
justed and ease of physical implementation. This controller, which
has three parameters as proportional (P), integral (I) and derivative
(D), determines the amount of error by comparing the signal coming
from the system output with the reference signal. Depending on the
set variables, the controller effect is sent to the output, thus minimiz-
ing the error. The mathematical formula of the PID controller work-
ing with continuous feedback is as follows:

u(t) = Kye(t) +K; f, e(t)dt + Ky =-e(t) (18)

Here K, is the proportional gain, K; integral gain, K, deriva-
tive gain, e(t) is the difference between the set point and the meas-
ured process variable at the relevant time, and u(t) is the controller
effect on the process at the relevant time. PID controller performance
is directly based on accurate determination of controller gains [40].

The MATLAB Simulink model of quarter car active suspension
system controlled by a PID controller is shown in Figure 2. In this
study, the displacement of the spring mass z., which corresponds to
one fourth of the vehicle body mass, is fed back to the system. The
road profile z, acting on the unsprung mass is accepted as the ref-
erence signal. The PID controller output, on the other hand, affects
the system again as the activation force f, .

Figure 2. Simulink model of active suspension system using PID con-
troller

Fuzzy logic basically tries to imitate the decision-making style
that takes place in the human brain. In this method, where it is ac-
cepted that the decisions are not final, quantitative and binary, the
answers may be in shades of gray, not black and white [41]. The
fuzzy logic controller consists of three parts: the fuzzifier, the infer-
ence unit and the defuzzifier. The fuzzifier is responsible for con-
verting the input values to fuzzy values, the inference unit is respon-
sible for processing the data and calculating the controller outputs,
and the defuzzifier is responsible for converting the outputs to real
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numbers [42]. In fuzzy logic applications, it is of great importance
that the input-output parameters, membership functions and control
rules are set correctly by the expert.

The vertical displacement and velocity of the system are fuzzy
logic inputs in this study. These input parameters can also be defined
as error and change of error. The output parameter of the controller
is the control force desired to be effected on the system with the help
of the actuator. The fuzzy logic input parameters are expressed as
follows:

-z,

(15)

fuZZ.VinputZ =Z (16)
In Figures 3 and 4, membership functions of fuzzy logic input pa-
rameters are seen, and in Figure 5, membership functions of the out-
put parameter are seen. Inputs and output have five trapezoidal mem-
bership functions. In these figures, NB, NS, Z, PS, and PB denote
negative big, negative small, zero, positive small, and positive big,
respectively.
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Figure 3. Membership functions for error
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The rule base created for the quarter car active suspension system is
created based on the expert's knowledge and experience, as in other ap-
plications. The fuzzy logic rule matrix of the study, in which the classi-
cal "Mamdani" approach was used for the rule base, is shown in Table
2. There are 25 control rules in total in the created rule base.

Table 2. Fuzzy logic rule matrix

e/Ce NB NS z PS PB
NB NB NB NS NS Z
NS NB NS NS Z PS
Z NS NS z PS PS
PS NS z PS PS PB
PB z PS PS PB PB

NB: Negative Big; NS: Negative Small; Z: Zero; PS: Positive
Small; PB: Positive Big; e: Error; Ce: Change in Error

Figure 6 shows the fuzzy logic surface plot for the input and output
parameters, and the MATLAB Simulink model of the quarter car actie
suspension controlled by a fuzzy logic controller is shown in Figure 7.

2000 —
1500 -
1000 -

500 -

Control Force
o

<<<<<<

Figure 7. Simulink model of active suspension system using fuzzy logic con-
troller

4. Simulation Results

In this study, active suspension quarter car suspension system control
was carried out with two different controllers, PID and FLC.
MATLAB Simulink software was used in the modeling, control and
simulation of the system. The effects of the control structures created
in the simulation results on the driving comfort and control force were
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investigated. The performance of the simulation models was investi-
gated for four different road profiles. In order to best observe the active
suspension characteristics and controller effects, two of the road pro-
files were created from potholes and bumps, while the other two were
created from high frequency random road disturbances. Interesting re-
sults emerged when the displacement amount of the spring mass z,.,
which represents the vehicle body for all road profiles, was analysed.
The variation of the spring mass displacement z. with time for the
first road profile simulating a bump and then a pit is shown in Figure 8.
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Figure 8. Body displacement for first road profile

When the figure is examined, it is clearly seen that the control appli-
cation with PID and fuzzy logic controller in the active suspension sys-
tem provides an improvement in driving comfort. For the first road pro-
file, it can be said that fuzzy logic control gives better results than PID
controller with fast rise time and fast settling time. In the PID controller,
the amount of overshoot is close to that of fuzzy logic, but the system
becomes stable in a longer time. When the passive suspension perfor-
mance is examined, it is seen that the settling time and the overshoot
amount of the system are quite high. Both control structures have re-
duced the amount of body displacement, amplitude and frequency
compared to the passive suspension.
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Figure 9. Body velocity for first road profile
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Itis clearly seen that the fuzzy logic and PID control signal amplitude
is less than half of the passive suspension signal. The variation of
spring mass velocity z. and spring mass acceleration Z,. for the first
road profile with time is shown in Figure 9 and Figure 10, respectively.
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Figure 10. Body acceleration for first road profile

When the body velocity and acceleration results are examined, it is
seen that the maximum values for all models are close to each other.
However, as in the amount of body displacement, the active suspension
system controlled by fuzzy logic has become stable in a shorter time.
This indicates an improvement in driving comfort. The time-dependent
variation of the control force f, obtained as a result of the simulation
carried out for the first road profile is shown in Figure 11.
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= l I / |
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& 7504 \
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-1500 + Fuzzy
PID |
2250 . . T T
0 2 4 6 8 10
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Figure 11. Control force for first road profile

With the use of fuzzy logic controller, decreases were observed in
the active suspension control force compared to the PID controller. This
will enable the use of smaller and lower cost actuators with fuzzy logic
control. Minimizing the amount of energy used, reducing the size of the
actuator element to be used on a moving vehicle and reducing costs are
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as important as improving driving comfort. While the system con-
trolled by PID controller needs an actuator force of 1850 N, this force
has decreased to 760 N with fuzzy logic control. The variations of the
vehicle body displacement z, for other simulated road conditions
with time are shown in Figures 12, 13 and 14.
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Figure 12. Body displacement for second road profile
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Figure 13. Body displacement for third road profile

In the second road profile with a bump signal, it is seen that the dis-
placement amount for the fuzzy logic-controlled system is slightly
higher than the PID controlled system. However, as in the first road
profile, a more stable body movement occurred with rapid rise and set-
tling times. Although the displacement is low in the PID controlled sys-
tem, it is not acceptable for the signal setting time to take about 1 second.
In addition, both PID and fuzzy logic results will provide better driving
comfort compared to the passive suspension system. High amplitude
and oscillation in the passive suspension system signal will adversely
affect driving comfort. When the results for the third and fourth road
profiles where random disturbances are defined are examined, it is seen
that the active suspension system using PID controller provides better
results with low body displacement. While the fuzzy logic controller
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stands out in bumps and potholes that can be described as pulse signals,
the PID controller has an advantage in continuous road disturbances
with high frequency.
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Figure 14. Body displacement for fourth road profile
5. Conclusion

In this study, PID and fuzzy logic control methods are used for active
suspension control. MATLAB Simulink software was used in the mod-
eling, control and simulation of the quarter car active suspension sys-
tem. The simulation results for four different road profiles were com-
pared with each other and with the passive suspension system. Com-
pared to the passive suspension system, it has been found that both
methods effectively stabilize the suspension system and provide signif-
icant improvements in driving comfort. As a result of the study;, it has
been confirmed that both PID and fuzzy logic control give successful
results in active suspension system control. The fuzzy logic controller
has come to the forefront with its low oscillation, short rise and settling
time in road disturbances that can be defined as an impact signal con-
sisting of pits and bumps. In high frequency random path disturbances,
the system with PID controller has an advantage with its low displace-
ment amount. With the use of fuzzy logic control, a 59% decrease in
actuator control force has occurred. This value is very interesting in
terms of reducing the actuator dimensions, reducing the costs and min-
imizing the energy used. It is thought that testing different control meth-
ods and different disturbance inputs on half or full vehicle models will
be beneficial for the development of active suspension systems.

Nomenclature

Ce change in error
e error

dg suspension damping coefficient (N-s/m)
fa actuation force (N)

FLC Fuzzy Logic Controller

kg suspension stiffness (N/m)

k¢ tyre stiffness (N/m)

K4 derivative gain

K; integral gain

K, proportional gain

LQR Linear Quadratic Regulator
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mg sprung mass (kg)

m, unsprung mass (kg)

MR Magneto-Rheological

PID Proportional Integral Derivative

u controller effect

Z; displacement of sprung mass(m)

z, road profile (m)

Zy displacement of unsprung mass (m)
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ABSTRACT

The inability of animals to reach the food during feeding causes stress and may lead to a decrease in milk yield. At this point,
adequate nutrition of animals in farms is very important in terms of milk yield. In this study, the design and manufacture of an
autonomous machine that can be used in animal farms and facilities has been carried out. The functions of the device were determined
and the main chassis and the parts were designed. First, the main chassis, which forms the body of the device was designed and
electronic components were assembled on it. Feed is pushed by means of the drum, which is mounted on the main chassis with the
connecting arms and located outside. The device was produced with the designed machine body. The machine can provide forward-
backward, rotational and drum movements. It has a mass of approximately 80 kg and is equipped with three 12 V direct current
electric motors. The device, which can be operated with Arduino and interface program, can move autonomously. The machine
designed and manufactured has been tested in the animal farm.
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1. Introduction technology. With this developing technology, time, energy and labor
can be saved in the area where it is used [1-9]. Due to the increase
and development of animal husbandry in the developing agricultural
sector of our country in recent years, animal breeding in farms is in-
creasing day by day. The nutritional needs and other needs of ani-
mals are met with the contribution of man power. At this point, the
human factor in the agricultural sector comes first and the need for
man power increases. However, this brings additional labor costs.
As mentioned before, the cost of equipment used in farms and ani-
mal facilities is quite high, and the employment of labor brings extra
costs. So, owners and farmers cannot afford this costs. Because,
manpower is always needed to push the feed in front of the animals
resulting in extra expense for the farm.  Therefore, the usage of au-
tonomous technologies in the field of agriculture comes to the fore
[4-9].

Import and export of milk and dairy products in our country are
one of the most important parameters in the agriculture and livestock

Autonomous era is rapidly spreading with developing technology
in the world. The tools and equipment that we use frequently show
that the autonomous age has developed. With the rapid developing
of the industry 4.0 era and the Industry 5.0 era, the autonomous is
frequently encountered every day [1-4]. Most of the devices we see
around us are actually examples of the rapid development of the au-
tonomous era. Autonomous technologies are widely used in the au-
tomotive industry, aviation, textile, agriculture and livestock fields
[5-9].

One of the biggest benefits of autonomous technology is eliminat-
ing man power. It is used as a useful purpose by eliminating man
power in many areas and increasing the technological development
and welfare levels of countries thanks to artificial intelligence. There
are serious developments in many areas, from driverless cars to
space technology and defense industry in autonomous technology.
Protecting human health and causing less harm to the environment
and atmosphere are some of the most important advantages of this
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sector. The total number of animals milked in our country is approx-
imately 33 million in 2020, and milk export is around 517 million
dollars [10-12]. Animal breeding, animal care and the amount of
milk obtained from animals are important issues that we encounter
in the field of agriculture in the world. In order to increase the milk
obtained from animals, it is necessary to meet the nutritional needs
and care of animals in the most efficient and healthy way according
to environmental conditions. Keeping the environment clean and
spacious, timely and appropriate feeding and usage of some vehicles
such as tractors or any other machines according to time and condi-
tions are very important for the milk yield and health. Feeding an-
imals with the help of tractors not only emit harmful exhaust gases
but also produces high level of noise due to internal combustion en-
gines. On the other hand, necessity of fuel is required in case of usage
of internal combustion engines. The released harmful gases affect
adversely the health of both farm workers and animals. At the same
time, equipment used with man power can cause animals to be afraid.
One of the most significant problem is poor nutrition, because ani-
mal moves the feed away from its front. Worry about not being able
to keep up with the food can also cause stress in animals. As a result,
it is seen that milk yield decreases in malnourished animals. In the
mean time, it has been observed that the number of heart beats is
higher during eating than standing [13-16]. It is even known that
milk yield is affected by stress experienced by animals during feed-
ing [13-18]. Residual feed is another problem in animal farms. Re-
sidual feed can be also eliminated with devices that automatically
push feed in front of animals without the need for manpower. Activ-
ities and development studies that will increase productivity in the
animal husbandry sector are of great importance in our country,
where there are approximately 18 million cattle [19,20]. At this point,
milk yield, which provides great benefit in cattle breeding, is one of
the most important arguments for our country in this field. It is seen
that the share of cattle in milk production has exceeded 90% as of
2017 [10-12].

When time schedule of cattle was examined, it was determined as
42.4% resting, 11.1% standing, 32.3% feeding, 1.6% drinking water,
6.3% walking, 1.7% other behaviors and 4.6% milking. As it is seen
that feeding is a big part of it. At this point, animals were observed
with cameras for 24 hours. It has been found that high productivity
was determined on animals, which were kept away from stress [21].
It was also presented that the factors that cause stress in animals
should be carefully examined and practices aimed at eliminating
these factors should be implemented. It is seen that deterioration of
hygiene in the environment where the animal lives, decrease the
amount and quality of feed and the loss of weight of animals are nat-
ural responses to stress [17,22]. At the same time, stress negatively
affects the lactation period. It negatively affects milk production by
causing a decrease in oxytocin hormone production during stress [18,
23-29].

As stated earlier, labor cost is rather high for farmers. It was
showed that the largest expense ratio after feed costs is temporary
workers in the farm. It is seen that this value is 1.98% of the enter-
prise average [30]. It is seen that these costs can be reduced with the
usage of some autonomous devices.

The usage areas in farms change according to the parameters of
produced autonomous robots and their types. Autonomous robots
can run according to nutritional needs of animals in the farm. They
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perform the tasks that they have to do in specified time intervals.
They also take on the tasks instead of human with the help of their
software resulting in reducing environmental pollution. Animal hus-
bandry can be done efficiently with robots that are operated accord-
ing to farm conditions without harming the environment and animals.

There are autonomous devices that have been used to push the
feed in front of animals or devices that perform different tasks in
agriculture and livestock industry. They have mobile applications
and have battery-powered systems [7,31-35]. However, these prod-
ucts are quite expensive to buy. In this study, the design and manu-
facture of an autonomous feed pushing robot working with a direct
current battery was carried out. It was aimed to design and manufac-
ture an economical and efficient feed pushing robot. Feed can be
moved away from animals while feeding. The autonomous feed
pushing robot will be able to push feed in front of the animals with
the help of rotating plate and rubber. The produced machine can be
used in covered farms with concrete floors. After completing its mis-
sion, the autonomous robot can come to the charging station to re-
cover its energy and prepare for the next tour. The manufactured ro-
bot is autonomous and can eliminate the need for labor. It was also
aimed that produced autonomous robot will be a device that users
and farmers can easily buy and use economically. This will result in
substantial financial gain.

2. Material and Method

In this study, autonomous feed pushing robot was designed using
Solidworks. Designed mechanical chassis and sheet drum are seen
in Figure 1. Manufactured device can be divided into two sections
called mechanical and automation system. Mechanical section con-
sists of main frame, shaft, whells, brackets, iron blade and profile,
chain gear mechanisms, sheet drum and top cover. On the other hand,
there are three DC electric motor, 12V DC battery, rotary encoder,
relay, potentiometer, sensor, limit switches, Arduino microcontroller,
safety button and control panel in the automation system.

Figure 1. General view of the chassis and designed autonomous robot
for the feed pushing

Main frame of the device and some components are seen in Figure
2. Designed device can move forward, backward, right, left, and the
drum can be rotated using DC electrical motors. The movement of
the mechanism is provided via front whell powered by electric mo-
tor.Driving electric motors were powered by 12V DC battery in au-
tomation system. The automation system generally consists of sen-
sors, safety system, power supply and control panel parts as seen in
Figure 3. Relays which are economical and practical method were
utilized to drive DC motors. Microcontroller has been used in order
to control relays. In addition, progress of the distance and position of
the steering should be determined. Potentiometer and rotary encoder
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were used to do these tasks. Dead reckoning method has been ap-
plied using distance, time and direction information. The signals pro-
duced by the rotary encoder and potentiometer can be received by
the microcontroller and the electric motors can be driven.

Steering
electric

Figure 2. Mechanical main frame of the device and some components
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Figure 3. Automation system and components

The automation system of the autonomous feed pushing robot has
manual and operator modes and the robot can be operated in both modes.
It can be controlled by a wired controller in manual mode. In manual
mode, the route to be followed in the facility is firstly shown to the robot.
With this tour, data from the rotary encoder and steering position sensor
can be recorded by the robot during route determination. Registration
ends at the last charging station. If the autonomous robot is in operator
mode, automation algorithm starts at the lap times entered into the mi-
crocontroller. The encoder and steering position data previously saved
in the memory can be compared with the new data and the motors can
be driven. The route within the facility starts at the charging station and
ends at the charging station. After the autonomous robot completes the
designated tour, it can come to the charging station where the batteries
can be charged. User can be able to program the robot without the need
for a technical personnel. Block circuit diagram for driving motors is
presented in Figure 4. In addition, an algorithm has been created for the
control and automation of the robot. The automation algorithm of the
autonomous robot is shown in Figure 5.
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Figure 4. Block circuit diagram for driving motors
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Figure 5. Autonomous feed pushing robot automation algorithm

3. Results and Discussion

Nutrition of animals is critical for milk yield and animal health. It
is essential to have sufficient feed in front of the animals, especially
in farms and facilities where there are many animals. There is now a
need for a labor force to reduce feed and adequate nutrition. How-
ever, labor force requires extra costs for this task in the animal farms.
Besides, extra time is spended for pushing feed to the front of the
animals. Figure 6 shows the schematic representation of the feed
pushing.

Figure 6. Schematic representation of the feed pushing

The agriculture and livestock sector in our country is developing
day by day with technology. With the developing technology of our
country, it is very important that the development in every field is
through the production of domestic and national products. It was also
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aimed to design original machine and produce in this study for push-
ing feed. Rail systems can be used to push feed in animal farms.
However, maintenance costs are high. On the other hand, when ma-
chines with internal combustion engines that perform this process
are used, there is fuel consumption and harmful gases are released.
At the same time, manpower is needed to push the feed. Since the
system is electric and autonomous, these problems are eliminated in
the current study. The design of the machine has been created taking
into account the strength and the characteristics of the work to be
done. Attention was paid to the weight, balance and ability to carry
the parts on the device. It is important that there are no mechanical
problems such as wear and friction during the usage of robot. Figure
7 exhibited the explosion view of the autonomous feed pusher robot.
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1. Battery 2. Steering electric motor 3. Drum connection cross 4. Connec-
tion bracket 5. Steering gears and chain 6. Front wheel hitch pin 7. Front
wheel hitches 8. Drum drive gears and chain 9. Forward-reverse electric mo-
tor 10.Front axle joint 11.Drive wheel 12.Rubber hoop 3.Front axle
14.Drum electric motor 15.Rear Wheel 16.Charging station 17.Switches
limiting left and right movement 18. Steering position sensor 19.Remote
control 20. Autonomous control system 21. Encoder

Figure 7. Explosion view of the autonomous feed pusher robot

The most important side of this study is to design and manufacture
device that uses less energy. For this purpose, electric energy is uti-
lized for pushing feed. In this case, the determination of the operation
current is critical. So, each electric motor uses about 3 amper current.
If 72 Ah DC battery is used, all electric motors can be run at about 8
hours with full charge. So the determination of required power is es-
sential for electric motors. On an average-sized farm, animals are fed
about 5 or 6 times a day. One period can be completed via the stored
energy thanks to the used 12V DC battery. When each feeding takes
about 15 minutes for an average sized farm, machine can easily do
many tours. As it is known, required power can be calculated accord-
ing the weight and motions of the machine as mentioned below.
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Where P, T and o refers to power, engine torque and angular
velocity. F and V defines the force and velocity [36,37]. Figure 8
shows the manufactured feed pushing robot.

Top cover

Rotating sheet drum

Rubber for pushing feed

Figure 8. Manufactured feed pushing robot

4, Conclusions

Autonomous feed pushing robot provides a more efficient and
more comfortable opportunity by eliminating human power and
eliminating the damages and losses that may occur. It saves both
time and efficiency, and offers a more comfortable technology that
can adjust itself to environmental farm conditions. In this study, it
was aimed to design and produce autonomous feed pushing robot.
Manufactured device was tested in an animal farm. Each feeding
process can take about 15 minutes on an average sized farm. If 5
periods are taken into account 450 hours of labor per year can be
saved. If a farm that produces 100 liters of milk per day is considered,
increase in production milk 3-5 liters per day and a total 1100-1800
liters in a year will be estimated. Total cost of the autonoumus feed
pushing robot is about $600 which is very less compared to the other
brands. Malnutrition can be prevented with designed device and the
efficient usage of manpower will be ensured. The amount of residual
feed decreases in front of the animals. In addition, labor costs can be
reduced for pushing feed. Since manufactured device is not so ex-
pensive, it can be used in small and medium-sized farms apart from
in large farms. According to the findings of this study, the robots
used by the farmers around the world in their farms are rapidly be-
coming widespread each passing day.
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(0] Angular velocity (rad/sn)
n Engine speed (rpm)

Conflict of Interest Statement

The authors declare that there is no conflict of interest in the
study.

CRediT Author Statement

Ahmet Uyumaz: Conceptualization, Supervision, Project admin-
istration, Writing-original draft, Validation, Writing-review&ed-
iting Senol Giizel: Conceptualization, Supervision, Project ad-
ministration Abdullah Kose: Validation, Project administration,
Data curation, Methodology Formal analysis Sinan Satilmus:
Methodology, Funding acquisition, Validation, Software Burak
Polat: Funding acquisition, Investigation, Resources Oguzhan
Karakas: Methodology, Investigation, Resources Yigitcan
Kiiciikcelen: Data curation, Investigation, Methodology

References

1. Ertugrul, I, Deniz, G., (2018). 4.0 Diinyasi: Pazarlama 4.0 ve Endiistri
4.0. Journal of Bitlis Eren University Institute of Social Sciences, 7(1):
158-170.

Sadig, S., (2022). Endiistri 5.0 ve Siirdiriilebilirlik. In book: Endiistri
5.0 Dijital Toplum Publisher: Preprint, Tiirkiye.

Terzi, A., (2021). Endiistri 4.0 Siirecinde Uretim Maliyetlerinde Mey-
dana Gelmesi Beklenen Etkiler Uzerine Bir Inceleme. Muhasebe ve
Vergi Uygulamalar1 Dergisi, 14 (2): 837-872.

Toplum 5.0. (2022). Bilgi Teknolojileri ve Iletisim Kurumu.
https://www.btk.gov.tr/uploads/pages/arastirma-raporlari/toplum-5-0-
arastirma-raporu.pdf (Date of Access: 25.11.2022).

Cevik, M., (2021). Tarimda Teknoloji Verimlilik ve Tasarruf Sagliyor.
Orman  Dergisi, http://www.turktarim.gov.tr/Ha-
ber/619/tarimda-teknoloji-verimlilik-ve-tasarruf-sagliyor (Date of Ac-
cess: 25.11.2022).

Fukuyama, M., (2018). Society 5.0: Aiming for a New Human-Cen-
tered  Society. Japan  Spotlight,  https://mwww.jef.or.jp/jour-
nal/pdf/220th_Special_Article_02.pdf

Giizey, A., Akinci, M.M., Altan, ., (2020). Otonom Kara ve Hava
Araglari ile Akilli Tarim: Hasat Optimizasyonu Uzerine Bir Uygulama.

Tarim  ve

Ankara Hacit Bayram Veli Universitesi Iktisadi ve Idari Bilimler
Fakiiltesi Dergisi, Ozel Say1:207-220.

Saracel, N., Aksoy, I., (2020). Toplum 5.0: Siiper Akill1 Toplum. Social
Sciences Research Journal, 9 (2): 26-34.

Akilli Tarim (2022). Akih Tarim. Bilgi Teknolojileri ve Tletisim Ku-
rumu. https://www.btk.gov.tr/uploads/pages/arastirma-raporlari/akilli-
tarim.pdf (Date of Access: 25.11.2022).

44

10

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Ataseven, Z.Y., (2020). Tarimsal Ekonomi ve Politika Geligtirme En-
stitlisii, Durum ve Tahmin Siit ve  Siit
https://arastirma.tarimorman.gov.tr/tepge/Belge-
ler/Yay%C4%B1n%20Ar%C5%9Fivi/2017-
2022%20Y ay%C4%B1n%20Ar%C5%9Fivi/Yay%C4%B1nno321.
pdf (Date of Access: 25.11.2022).

Ataseven, Z.Y., (2021). Tarimsal Ekonomi Ve Politika Gelistirme
Enstitisii, Durum ve Tahmin Sit ve Sit Uriinleri.
https://arastirma.tarimorman.gov.tr/tepge/Belgeler/PDF%20Durum-
Tahmin%20Raporlar%C4%B1/2021%20Durum-Tahmin%20Ra-
por-
lar%C4%B1/S%C3%BCt%20ve%20S%C3%BCt%20%C3%9Cr%
C3%BCnleri%20Durum%20Tahmin%20Raporu%202021-
331%20TEPGE.pdf, (Date of Access: 25.11.2022).

. TUIK, (2019).Hayvancihik Istatistikleri, Siit ve Siit Uriinleri Verileri.
https://data.tuik.gov.tr/Bulten/Index?p=Hayvansal-Uretim-Istatisti-
kleri-2019-33873, Date of Access: 25.11.2022).

Cengiz, F., (2001). Hayvanlarda Zorlanim (Stres) Olusturan Etkenler.
Uludag Universitesi Veteriner Fakiiltesi Dergisi, 20, 147-153.

Hall, S.J.G.; Forsling, M.L.; Broom, D.M., (1998). Stress responses of
sheep to routine prosedures changes in plasma concentrations of
vazopressin, oxytocin and cortisol. Veterinary Record. 142 (4) 91-93.
Hall, SJ. G.; Broom. D.M.; Goode, J.A.; Lloyd, D.M.; Parrott, R.F.;
Rodway, R.G., (1999). Physiological responses of sheep during long
road journeys involving ferry crossings. Animal Science. 69:19-27.
Parrott, R.F.; Hall, S.J.G.; Lloyd, D.M., (1998). Heart rate and stress
hormone responses of sheep to road transport following two different
loading procedures. Animal Welfare. 7(3) 257-267.

Altingekig, S., O., Koyuncu, M.,(2012).  Ciftlik Hayvanlar1 ve Stres,
Hayvansal Uretim 53(1): 27-37

Pehlivan, E., Dellal, G., (2014). Memeli Ciftlik Hayvanlarinda Stres,
Fizyoloji ve Uretim Iliskileri. Hayvansal Uretim 55(1): 25-34.

TUIK, (2021).Hayvansal Uretim Istatistikleri,
https://data.tuik.gov.tr/Bulten/Index?p=Hayvansal-Uretim-Istatisti-
kleri-Haziran-2021-37208#:~:text=T%C3%9C%C4%B0K%20Ku-
rumsal &text=B%C3%BCy%C3%BCkba%C5%9F%20hayvan-
lar%20aras%C4%B1nda%20yer%20alan,194%20bin%20ba%C5%9
F%200larak%20ger%C3%A7ekle%C5%9Fti. (Date of Access:
25.11.2022).

Ulusal Siit Konseyi, (2022). Ulusal Siit Konseyi, Siit ve Siit Uriinleri
Dis Ticareti, https://ulusalsutkonseyi.org.tr/disticaret/ (Date of Access:
25.11.2022).

Uzal, S., (2008). Serbest ve Serbest Durakli Siit Sigir1 Barinaklarinda
Hayvanlarin Alan Kullanimi ve Zaman Biitgesine Mevsimlerin Etkisi,

Uriinleri.

Doktora Tezi, Selcuk Universitesi Fen Bilimleri Enstitiisii, Konya.
Martin, S.W., Schwabe, C.W., Franti, C.E. (1975). Dairy calf mortality
rate: Influence of meteorological factors on calf mortality rate in Tulare
County, California. Am. J. Vet. Res. 36: 1105-1109.

Bruckmaier, R.M. (2005). Normal and disturbed milk ejection in dairy
cows. Domest. Anim. Endocrinol. 29: 268-273.

Bobic, T., Mijic, P., Knezevic, M., Speranda, B., Antunovic, B., Baban,
M., Sakac, M., Frizon, E., Koturic, T. (2011). The impact of environ-
mental factors on the milk ejections and stress of dairy cows. Biotech.
Anim. Husb. 27(3): 919-927.

Dahl, G.E. (2008). The eighth international workshop on the biology of
lactation in farm animals: Introduction. J. Anim. Sci. 86(Suppl. 1): 1-2.


https://www.btk.gov.tr/uploads/pages/arastirma-raporlari/toplum-5-0-arastirma-raporu.pdf
https://www.btk.gov.tr/uploads/pages/arastirma-raporlari/toplum-5-0-arastirma-raporu.pdf

A.Uyumaz et al. Engineering Perspective 2 (4): 40-45, 2022

26. Matteri, R. L., Carroll, J. A., Dyer, C. J. (2000). Neuroendocrine re-
sponses to stress. Ed. Moberg G.P., Mench, J.A. The Biology of Ani-
mal Stress: Basic Principles and Implications for Animal Welfare.
CABI Publishing, USA.

27. Munsterhjelm, C. (2009). Housing, stress and productivity: studies in
growing and reproducing pigs. University of Helsinki, Academic Dis-
sertation, Helsinki.

28. Squires, E. J. (2003). Applied animal endocrinology. CABI Publushing,
USA.

29. Yadav, S., Anand, M. (2013). Stress and lactation: an overview. Ed.
Yadav, S., Kumar, J., Madan, A.K., Yadav, B., Anand, M. Physiology
and Nutri-Genomics, Underpinning Animal Production. India.

30. Byashimov, G., (2012). Hayvancilik Isletmelerinin Ekonomik Analizi
ve Rekabet Stratejisi; Tiirkmenistan Man ili Yoloten Ilgesi Ornegi,
Yiiksek Lisans Tezi, Selguk Universitesi Fen Bilimleri Enstitiisi,
Konya.

31. Dikbag, S., (2021). ZT Traktor - Otonom Tarim Traktord.
https://www.tarimsalteknoloji.com/zt-traktor-otonom-tarim-traktoru-
123#, (Date of Access: 25.11.2022).

32. Delaval (2018). Yeni DeLaval OptiDuo Sadece Yem Itmiyor.
https://www.mutluciftlikler.com/post/yeni-delaval-optiduo-sadece-
yem-i%CC%87tmiyor, (Date of Access: 25.11.2022).

33. Fermanet (2022). Yemleme Robotu Cow-boy. https://ferma-
net.com/urun/yemleme-robotu/ (Date of Access: 25.11.2022).

34. Lely Juno, (2022). Otomatik Yem ltici. https://www.lely.com/tr/co-
zumler/yemleme/juno/ (Erisi Tarihi: 25.11.2022)

35. Metfarm, (2016). Yem itme Robotu-FRONE. https://www.met-
farm.com/yem-itme-robotu-frone/ (Date of Access: 25.11.2022).

36. Cengel, Y.A., Jimbala, J.M., (2008). Akiskanlar Mekanigi Temelleri ve
Uygulamalar1. Giiven Bilimsel, Izmir Giiven Kitabevi. Izmir, Tiirkiye.

37. Cetinkaya, S., (2017). Tasit Mekanigi. Nobel Akademik Yayincilik
Egitim Danigmanlik Tic. Ltd. Sti. Ankara, Tiirkiye.

45



Engineering Perspective 2 (4): 46-51, 2022

e-ISSN:2757-9077

ENGINEERING PERSPECTIVE

https://sciperspective.com/ Research Paper

Investigation of Natural Frequency Values of Composite Cover Design with
Different Laying Angles

Mehmet Can Katmer'2, Adnan Akkurt?, Tolga Kocakulak®*

Hidromek A.S., Sincan Organized Industrial Zone, Ankara, TURKEY
2Gazi University, Faculty of Technology, Department of Industrial Design Engineering, Ankara, TURKEY
3Burdur Mehmet Akif Ersoy University, Technical Sciences of High Vocational School, Burdur, TURKEY

ABSTRACT

In In this study, the effect of composite laying angle on the natural frequency values of a long and flexible cover made of laminat-
ed composite material was investigated. Investigation of the effect of the laying angle, a composite cover with rib design with the
topography optimization method was used. The cover design used in the study is an industrial design product and has producible
features. A design with a total of 20 different laying angles has been made on the ribbed and ribless parts of the composite cover.
Care was taken that the selected laying angles do not interfere with manufacturability. Designs with different laying angles are mod-
eled with the ANSYS ACP module. The modal analysis of the created designs was carried out with the finite difference method in
the ANSYS program environment. As a result of the modal analysis, natural frequency values of mode 1, mode 2, mode 3, mode 4,
mode 5 and mode 6 of these designs were obtained. It was concluded that the best mode 2 natural frequency values (45°,-45°,45°,-
45°,45°,-45°,45°) were obtained by using the degree of laying angles. In this design, mode 2 has a natural frequency value of 12.2
Hz, mode 3 33 Hz, mode 4 40.9 Hz, mode 5 57.8 Hz and mode 6 82.7 Hz. In this design, mode 2 has a natural frequency value of
12.2 Hz, mode 3 33 Hz, mode 4 40.9 Hz, mode 5 57.8 Hz and mode 6 82.7 Hz.
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1. Introduction structure around its equilibrium position. In many systems used in
engineering and daily life, vibrations occur due to environmental or
undetected reasons. Long-term vibration can cause fatigue in the
machine elements and cause breakage and damage. In particular,
the determination of vibrations and values of structures used in
critical functions are important for natural frequency values and
resonance issues. The modal analysis method is widely used to
predict the vibration properties of a designed structure. The purpose
of the modal analysis is to determine the natural frequencies and
the corresponding mode behaviors [11,12,13,14].

Composite materials are widely used in sectors such as the au-
tomotive industry, aerospace and defense industry due to various
advantages [1,2]. Composite is defined as a material with different
new properties by combining two or more materials [3,4]. With the
use of composite materials increasing day by day, the studies have
gained intensity. The most basic common goal in these studies can
be said to reduce design weight and achieve better mechanical per-
formance [5,6,7]. One of the most basic methods of achieving this
goal is the use of layered type composite structures [8,9]. Although
it has these features, studies are continuing to improve it and elimi-
nate some of the problems it carries [9]. The most important of
these problems aimed to be solved is the vibration behavior of
composite materials [10].

Studies aiming to improve the characteristic properties of layered
type composite materials are available in the literature. Sakar et al.
observed the effect of orientation angles and a number of layers on
the dynamic behavior of the composite structure in the sandwich

Vibratory motion can be defined as the repeated motion of a panels they prepared. The mode shapes and natural frequencies of
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the produced panels were determined both experimentally and nu-
merically with the ANSYS program [15]. Atlithan studied computa-
tional and experimental modal analysis on delaminated composite
structures with different orientation angles consisting of 16 paves.
He observed the dynamic behavior of the structures according to
the orientation angle change and delamination status. He used
ANSY'S software for analysis studies [16]. R. Gibson explained the
modal analysis methods used to determine the dynamic behavior of
fiber-reinforced composite materials, the determined parameters
and basically what factors will change these parameters [17].
Yesilyurt et al. in their study, applied modal analysis to a bar pro-
duced as a unidirectional composite and approached to determine
the mechanical properties of the material with the data obtained
[18]. Soni et al. made the most appropriate design study by chang-
ing the orientation angles for low displacement and high strength in
laminated composite plates. The layer placements were examined
as an angled layer, unsymmetrical and symmetrical angled layer
[19]. In the second stage of his study, Vatangiil numerically inves-
tigated the behavior and strength of composite samples with differ-
ent orientation angles under load. They used ANSYS software in
their studies [20]. Baba examined the effects of parameters such as
boundary condition, delamination size, location of delamination
and fiber orientation angles on plate buckling behavior in compo-
site plates [21]. It has been observed in the literature that many
studies have been made and are still being done for the appropriate
design of layered composite materials. In these studies, the behav-
ior of the layered composite material; has been observed that fiber
orientation angle, layer thickness and number, delamination, tem-
perature, symmetric or non-symmetrical array are examined de-
pending on many different parameters. As a result of the research;
In many of the studies on both structural optimization and compo-
site material, it has been determined that the modal analysis method
is used to examine the behavior of the part.

In the literature, no study has been found in which the laying an-
gles of the lid, which is an industrial design product and can be
produced, and which has a long and flexible design, are examined.
In this study, the optimum laying angle design was determined by
examining the natural frequency values in case the composite mate-
rial used in the cover design with a long and flexible structure has
different winding angles. Natural frequency values were obtained
by the modal analysis method in ANSYS environment.

2. Material and Method

The effect of the laying angles on the natural frequency value of
the long and flexible composite cover, of which rib design was
made with the topography optimization method, was investigated.
The macro mechanics of laminated composite plates are discussed
in detail and formulated. Information about the materials and layers
of the composite cover is given. 20 different designs were created
by applying different laying angles to the ribbed composite cover.
A finite element model of designs with different laying angles was
created in ANSYS environment. The mesh spacing value was cho-
sen as 5 mm in order not to prolong the processing time more than
necessary and to obtain results close to the real values. In addition,
analyzes were made at several different mesh spacing values and it
was observed that the results differed negligibly at mesh sizes be-
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low 5 mm. By applying modal analysis to all designs, natural fre-
quency values of mode 1, mode 2, mode 3, mode 4, mode 5 and
mode 6 were obtained.

2.1 Macro Mechanics of Laminated Composite Plates

The representation of a layered composite plate is shown in Fig-
ure 1. In Figure 2 and Figure 3, the forces and displacements occur-
ring in the plate are expressed [22].

Direction

&

Z

X

Figure 1. Schematic representation of the laminated composite plate

Mid plane. |

4

B

Section before predicate

Zo
Section after predicate

Figure 3. The relationship between displacement and curvature before
and after loading

uo, vo and wo show the mid-plane (z=0) displacements of the
layered composite material in the X, y and z directions. Equations
1,2 and 3 show the displacements of the u, v and w layered compo-
site material in the x, y and z directions of any point on the cross
section.

u=u, -z Q)
a—aw"—>u=uo—zaw° )
OX OX
v=v0—zaw0 @)
oy

The unit strain-displacement relations are given in equations 4, 5
and 6.

au _ au, _ZaZW0

=M O @
OX OX OX



M.C. Katmer et al.

Engineering Perspective 2 (4): 46-51, 2022

2
g, =M, 0V (5)
oy oy oy
2
yxyza_u+@:%+%_ ;9 Wo (6)
oy oOx oy ox oxoy

The unit strains in the midplane and the global strains in terms of
curvatures are shown in equation 7.

ou, _o'w,
AL 2
gx g\;( 862)( ‘9xo Kx (7)
& = EO +2 _ayvgo =18, ¢+ K,
K
T ey | ot |
gy Ox oxoy

Since Q varies depending on the mechanical properties and angle
of each layer, the stress does not change linearly across the plate, it
remains linear only within the layer. In other words, if the elonga-
tion and curvature values of the midplane are known, the values of
the global stresses (ox, oy, txy) can be found depending on the
position (z) as above. Therefore, local stresses and strains can be
found for each layer using the transformation matrix and damage
criteria can be applied. In Figure 4, the stress and strain variation of
the laminated composite plate for the mid-plane, and in Figure 5,
the coordinate positions of the layers in the laminated composite
plate are given according to the midplane [22].

] >

Mid
plane

'

Layered composite Strain variation  Stress variation
Figure 4. Stress and strain variation along with the thickness of the lami-
nated composite plate

A 1
hy| 4 2
h| ¢ 3 h/2
h| ¢ Mid
h, plane
h& By k-1
v b § k
k+1 h/2yz
I1n—I
hnll’ n

Figure 5. Coordinate positions of the layers in the laminated composite
plate

Writing the elongation and curvature values of the midplane in
terms of forces and moments is expressed by Nx, Ny and Nxy. In-
plane normal and shear forces for unit length are shown in equation
8.
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N, A A A Exo Bu Bn Bg K, ®)
N y | = A, Ay Al Eyo |t B, B, Byl Ky
N Xy As A A 7 xy0 Bs By B K Xy

Bending and torsional moments for Mx, My and Mxy unit
length are given in equation 9.

M X Bn BlZ BlG Exo D11 D12 D16 K x 9
M y | = Bl2 Bzz Bze | €yo + D12 D22 Dza ° Ky ( )
M Xy BlG BZS BGG yxyD DlG DZG DSG K Xy

The matrices [A], [B] and [C] in the equations represent the axi-
al/extension, coupling, and bending stiffness matrices.

A =21Q ] (h=h,,)i=126vej=12,6 (10)
B, = %ZL[@- ], (h2=hZ,)i=1,2,6vej=126 (12)
D, = %ZL[@- ], (hi—h?,)i=1,2,6vej=12,6 (12)

For symmetrical composite plates, the value [B] is equal to zero.
In this case, when equations 8 and 9 are arranged, equations 13 and
14 are obtained.

i Nx All

A, Ag Exo
N y | T A12 A22 Azs | €yo (13)
L N xy P 7 xy0
M, D, D, D Ky
M, |=|D, D, D, ||K, (14)
L M, Dis Dy Dy Ky

There is no coupling effect and no curvature due to axial loads
and no normal deformations due to moments that occur in the mid-
plane. Composite plates with various laying arrangements, which
are of great importance according to the place they will be used,
have different characteristics. These characteristics are known as
symmetrical, equilibrium, angle fold, cross fold and semi-isotropic.
The distance of both sides of the symmetrical sheet from the sheet
midpoint should be equal. With symmetrical layer (0°, -45°, +45°,
90°, 90°, +45°, -45°, 0°) or simply (0°, -45°, +45°, 90°) can be
sampled. Opposite angles of 6=90° and 6=0° fiber angles are 6=0°
and 6=90° degrees, respectively. There must be a plate with a cer-
tain material property, fiber direction and thickness of a layer in
equilibrium and a separate plate within that composite layer with
the same material properties and thicknesses, but with the opposite
fiber direction. The equilibrium layer can be sampled with (90°, -
45°, 0°, 45°) and (90°, 60°, 30°, -30°, 0°, -60°). In the angle layer
composite plate, the fibers of each layer are located at angles -6 and
0. The angle can be exemplified by layer 2 (60°, -60°, 60°, -60°) or
briefly (60°, -60°). In the cross layer composite layer, the fiber an-
gles of each layer are 6=0° and 6=90°. The cross layer can be sam-
pled by layer (0°, 90°, 0°, 90°) or simply (0°, 90°). The fiber angles
(0) of the layers forming the semi-isotropic composite layer are at
0°, -45°, +45°, 90° angles and are symmetrical. These layers also
have a balancing feature. Semi-isotropic layer (0°, 90°, +45°, -45°)s,
(-45°,90°, +45°, 0°)s and (90°, -45°, 0°, +45) °)s [23,24,25,26,27].
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2.2 Cover Design and Material

The composite cover has a width of 354 mm, a length of 1710
mm and a height of 234 mm. The composite valve consists of two
combined structures, with and without ribs. The visual figure of the
composite cover can be found in Figure 6.

——

Rib Non-Rib Section
Figure 6. Ribbed and ribless portions of the composite door design

According to the usage conditions of the part, different laying
angles were determined in each paving layer by using resin-
impregnated unidirectional carbon fiber (prepreg) materials in or-
der to reduce the effect of vibration loads on the part. Laying angle
sequences were made using the rules in the literature under the
main heading of design rules of layered composites. In this way, it
is aimed to increase strength. The mechanical properties of the ma-
terials are given in Table 1.

Tablo 1. One way carbon/epoxy prepreg material properties

Parameter Symbol Carbon prepreg
Elasticity Module (0°) GPa 121
Elasticity Module (90°) GPa 8.6
Slip modulus GPa 4.7
Poisson's ratio - 0.27
Density g/cc 1.49

The multi-layer composite plate is formed by overlapping ortho-
tropic single-layer composite plates with different fiber directions
in a symmetrical manner as in Figure 7. In the study, a composite
cover design with 20 different laying angles was carried out.

90° Layer |
-90° Layer 2
0° Layer 3
45° Layer 4
0° Layer 5
-90° Layer 6
90° Layer 7

Figure 7. Composite material laying angles

2.2 Composite Orientation Angles

Fiber orientations angles, which is one of the design variables for
the designed composite cover, are changed in each laying layer,
and it is aimed to reduce the effect of vibration loads on the part
according to the usage conditions of the part. Manufacturability
was taken into account in determining the laying angles. Laying
angles, which are frequently used in practice, were preferred for

layered composites in the study. The arrays with different orienta-
tion angles that make up the designs are given in Table 2. Laying
sequences were modeled and analyzed with the ANSYS ACP
module.

Table 2. Arrays with different orientation angles
Design no Orientation angles
1 (45°,-45°,45° -45° 45°,-45° 45°)

2 (0°, 45°, -45°, 0°, -45°, 45°, (°)
3 (0°, 45°, 90°, 0°, 90°, 45°, 0°)
4 (0°, 45°, 90°, 0°, -90°, -45°, 0°)
5 (-45°, 0°, 45°, 90°, 45°, 0°, -45°)
6 (45°,-45° 45°,-45° 45° -45° 45°)
7 (90°,-90°,90°,-90°,90°,-90°,90°)
8 (45°,90°,45°,90°,45°,90°,45°)
9 (90°,-90°,0°,90°,0°,-90°,90°)
10 (90°,-90°,45°,90°,45°,-90°,90°)
11 (0°,-90°,45°,90°,45°, 90°,0°)
12 (90°,-90°,0°,0°,0°,-90°,90°)
13 (0°,45°,90°,0°,0°,-90°,90°)
14 (90°,-90°,45°,90°,0°,-90°,90°)
15 (90°,-90°,90°,0°,90°,-90°,90°)
16 (45°,-45°,0°,0°,0°,-45°,45°)
17 (45° -45° 45°,0°,45°,-45° 45°)
18 (45°,-45°,0°,45°0°,-45° 45°)
19 (45°,-45°,0°,90°,0°,-45°,45°)
20 (90°,0°,90°,0°,90°,0°,90°)

3. Results and Discussion

All created designs were modeled and analyzed with the ANSY'S
ACP module. In the first column of the table, it gives the laying
angles of the ribless section in the top row and the ribs in the bot-
tom line. As a result of the analysis, mode 1, mode 2, mode 3,
mode 4, mode 5 and mode 6 natural frequency values were ob-
tained for each design. Obtained values are shown in Figure 8.
Since the mode 1 natural frequency value is found to be zero for all
designs, it is not included in the graph.

100 4—— —-—Mod2 —o—McdS —A—Mod4 —v—Mod5 ——Mod6
| » "“o : |
00d e L L
T 80 \ — / / '*H"/.
>, 70 4 i
= . | Y.
§ 60 W——V \ \* vy
= 504 1 ;
E 40 ‘\ / \ v \ /
- !
£ 3(}#..\:;'.“‘ . ./\'
2
g .| [
104 = " —-—-—
TR—a—w .\/'\.,-i—--.....--—--._./' '\.
0 T T T T
0 2 4 6 8 IU 12 14 16 18 20
Design no

Figure 8. Natural frequency values in different laying sequences

When the analysis results were examined, it was seen that the
best mode 2 natural frequency value of the structure was obtained
in the 6th design. It is seen that this design has (45°, -45°, 45°, -45°,
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45°, -45°, 45°) degree, angular and symmetrical arrangement. In
this design, it was determined that mode 2 has 12.2 Hz, mode 3 33
Hz, mode 4 40.9 Hz, mode 5 57.8 Hz and mode 6 82.7 Hz natural
frequency values. Good results were also obtained for the pavings
made with 45°, -45° angles on the top and bottom layers and 0°
angles in the center. The lowest mode 2 values were obtained with
layer arrays with 0 and 90 degree laying angles. This result was
reached with the natural frequency values obtained from designs 7,
9, 12, 15 and 20. When these results are evaluated, it is seen that it
is possible to improve the mode 2 behavior of these and similar
structures by designing the first layer by preferring 45°, -45° angle
layers and symmetrical arrangement.

The best mode 3 natural frequency value of the structure was ob-
tained with design number 12. This design is constituted by a layer
arrangement with equilibrium conditional laying angles of (90°, -
90°, 0°, 0°, 0°, -90°, 90°). The second design with a high mode 3
natural frequency value was determined as design number 20. This
design has diagonal ply laying angles of (90°, 0°, 90°, 0°, 90°, 0°,
90°). It has been concluded that the lowest mode 3 values occur in
layer arrays with 45 and 90 degree laying angles. These laying an-
gles are available in designs 2, 3, 4, 6 and 7. When the results are
evaluated, it is seen that it is possible to improve the mode 3 behav-
ior of these and similar structures by designing 90° and 0° equilib-
rium arrays or 90° and 0° cross-floor pavements.

4. Conclusions

In the study, it was observed that with the increase of mode 2
and mode 3 natural frequency values, the other mode values in-
creased. In this study, more focused on mode 2 and mode 3 natural
frequency values, which are seen as critical for the structure. It has
been concluded that the examined cover design gives the best mode
2 value (45°, -45°, 45°, -45°, 45°, -45°, 45°) if it has a degree, an-
gular and symmetrical arrangement. In this design, mode 2 has a
natural frequency value of 12.2 Hz, mode 3 33 Hz, mode 4 40.9 Hz,
mode 5 57.8 Hz and mode 6 82.7 Hz. In this cover design, the best
mode 3 natural frequency values (90°, -90°, 0°, 0°, 0°, -90°, 90°)
degrees have been achieved with a layer arrangement with balance
conditional laying angles. In this design, mode 3 has a natural fre-
quency value of 6.3 Hz, mode 3 42.1 Hz, mode 4 52.6 Hz, mode 5
65.3 Hz and mode 6 93.2 Hz. It has been determined that in case
the Mode 3 natural frequency value is aimed to be high (90°, 0°,
90°, 0°, 90°, 0°, 90°) it can be preferred in its structure with diago-
nal floor laying angles of 5°. In this design, it was determined that
mode 3 has 6.3 Hz, mode 3 40.9 Hz, mode 4 48.1 Hz, mode 5 62.5
Hz and mode 6 88.8 Hz. The general results obtained in this study
are given below.

*The best mode 2 behavior was obtained by choosing the 45°, -
45 angle fold and symmetrical arrangement of the first layer in the
laying arrangements.

*The lowest mode 2 values were obtained with layer arrays with
0 and 90 degree laying angles.

*The best mode 3 behavior is obtained by choosing the 90° and 0°
balance arrays in the laying arrays.

«It has been observed that the mode 3 behavior gives close to the
best value in case of 90° and 0° diagonal floor layings.

«It has been concluded that the lowest mode 3 values occur in
layer arrays with 45 and 90 degree laying angles.
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