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ABSTRACT

In recent years, research on a poultry egg incubator has become very interesting, especially quail
eggs. The main objective of this study is applied to Pulse Repetition Frequency (PRF) as an innovative
technique used to control the power supply for the pulse's generator. The experiments were carried out to
apply the PRF technique during an incubation process through design and build an electronic circuit for
producing a pulse repetition frequency signal to control the pulses generated using PRF circuit. This circuit
was used to generate PRF waves so that the frequency pulses of the generator can be adjusted as required
level during the integrated circuit. The incubator performance was evaluated under the following parameters:
four different pulse intensities (48, 60, 72 and 84 W.m?) and frequency durations (10, 15, 20 and 25 minute
per hour), taking into consideration the following indicators: hatchability, mortality, and incubator efficiency.
The obtained results reveal that the highest hatchability percentage of 89% and a mortality of 17% with
incubator efficiency of 83%. It was observed that the consumed energy value of 529 W.h .The quail egg
incubator is recommended to be used under a pulse intensity of 72 W.m? with a frequency duration of 25
minutes per hour. The results of this research are difficult to compare with other studies because there is no

data on this subject in the available literature.
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INTRODUCTION

Population growth globally leads to an increase in
poultry egg demand. Poultry farming supports with the
agricultural production of quail eggs that commonly starts
from egg incubation and hatching (Ajiwiguna et al., 2018).

In the Egg incubation process, the quail egg
exposed to hatch and development the embryo within the
egg. Egg incubators are machines, which simulate the
quail’s role of providing the optimum environmental
conditions as (temperature, relative humidity, turning and
ventilation) to the fertilized eggs to activate embryonic
development until the hatching process. Low incubator
efficiency is one of the problems and obstacles preventing
expansion in this field, which does not exceed 75% (Aru
2017). Various types of small-scale egg incubators with
several heat sources have been developed. These
incubators were operated a temperature range of 37°C to
39.5°C and with relative humidity from 55 to 75%
throughout the incubation period. Hatchability percentage
of the incubated eggs were recorded 78.5% (Ahiaba et al.,
2015).Modern incubators can control the temperature, turn
and humidity automatically based on recent technology
nowadays. These incubators are distinguished with ease of
monitoring and controlling as well as efficiency in saving
the energy consumed. Accordingly, these systems are
preferable to other conventional egg incubators (Pallavi et
al., 2018). Nowadays, the advantages of pulse repetition
frequency (PRF) and its biological effects are subject to so
many studies on humans and animals. Poultry eggs can be
incubated under standard conditions such as frequent
rotation, expose eggs to electromagnetic fields as well as
the exposure to the repetition frequency may have
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beneficial improvement on the nervous system (Batellier et
al., 2008). Many factors as the type of pulse repetition
frequency (PRF), the intensity of PRF and duration of
exposure that impact the performance of chicken embryos
and consequently hatchability (Shafey et al., 2011). The
impact of pulse repetition frequency on human beings can
be described as completely useful as well as, it has been
used in the medical field since old times and their
effectiveness for both bone wound and bone fracture
healing has been proven (Shckorbatov et al., 2010). A low-
frequency intensity was studied on the proliferation and
productivity of cells by changing frequency levels. The
experimental results show that pulses intensity from 0.4 to
0.8 W.cm and pulse repetition frequency can facilitate
cell proliferation. In other words, the extent of reproduction
closely correlated with pulse repetition frequency. An
appropriate parameter setting for pulse repetition frequency
is vital to its accurate use. These findings will be providing
valuable information for the application of low pulse
repetition frequency in tissue engineering (Yang et al.,
2016). There are four main factors that influence embryo
development such as Humidity, temperature, ventilation,
and eggs turning during egg incubation. Maintain the level
of humidity and distribute hot air is vital to avoid dry
atmosphere which makes hatching more difficult (Ramli et
al., 2015). The heat transfer inside the incubator done
primarily by the difference between eggs and the plate
setter environment temperature plus the airflow through
eggs, which can be affected by the fan flow rate at forced
incubators. The optimal temperature for Japanese quail is
37.5£0.5 °C with an incubator period around 17 to 19 days
(Nowaczewski et al., 2012). The oxygen availability and
get rid of carbon dioxide are necessary, so ventilation is
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required to ensure an adequate supply of oxygen and the
proper removal of carbon dioxide during embryo
development. Accordingly, provision of the incubation
system with fresh-air is necessary (Benjamin and Oye,
2012). Undoubtedly, the regular air velocity is essential to
preserve uniform embryo temperatures. Obviously, if the
air movement across the eggs is slow, more time needs to
absorb heat from the eggs. It could also be said that lower
air velocity related to more variation in temperatures of the
embryo, so the optimal air velocity is 2 m/s to control the
temperature of the embryo to acceptable levels (Lourens,
2001).

This study presents a modern method based on
pulse repetition frequency PRF technique as well as study
the effect of different pulse intensity and frequency
duration on quail egg hatching under low levels. Therefore,
the objectives of this study include the design of an
electronic circuit for producing a pulse repetition frequency
signal to control the pulses generated using the PRF circuit
as well as optimize some operating parameters affecting
the performance of the incubation system. The results of
our research are difficult to compare with other studies
because there is no data on this subject in the available
literature. So, research efforts that combine innovation and
development are still requested to whole advantage
potential as regards the egg incubation systems.

MATERIALS AND METHOD

The experiments were carried out at Electrical
Engineering  Laboratory,  Agricultural  Engineering
Department, Faculty of Agriculture, Zagazig University to
improve the performance of an egg incubator using pulse
repetition frequency through design and construct an
electronic circuit for producing a pulse repetition frequency
(PRF) signal to control the pulses generated using PRF
generator. This development was targeted ensuring
increment of hatchability percentage and low mortality
ratio.

Description of the egg incubator

In this study, a new modulation method based on
the pulse width modulation technique is proposed to
control the pulses generator to improve the performance of
a quail egg incubator via a new technique to reach an
optimum incubation conditions. The essential components
of the incubator are an electric heater, fans, circuit of pulse
repetition frequency, PRF controller, thermometer,
hygrometer and turning device as shown in Fig. (1).

Electric heater

Pulse repetition
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e
.

Fig. 1. Front view of the developed egg incubator.

Pulse repetition frequency enhances the
performance efficiency of this incubation machine, which
could be improve the hatchery eggs.

PRF essentially controls the amount of power, in
the perspective of the voltage component that is given to a
device by cycling the on-and-off phases of a signal quickly
and varying the width of the "on" duty cycle. A very
powerful benefit of PRF is that power loss is very minimal
compared to regulating power levels using an analog
potentiometer to limit the power output by essentially
choking the electrical pathway, thereby resulting in power
loss as heat, while pulse repetition frequency turns off the
power output rather than limits it. Fig. 2 illustrates the
generating circuit of pulse repetition frequency with the
control unit connected to an egg incubator.
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Fig. 2. Diagram of generating circuit of pulse repetition
frequency.

Design considerations and analysis

Design considerations included both circuit of pulse
repetition frequency, ventilation holes and required speed
of air inside the incubation cabinet.

Design of PRF circuit

The power supply is an electronic device that
supplies electric energy to an electrical load. The power
supply circuit can be designed using different techniques
for converting the high voltage into low voltage. Basic
components related to the power supply transformer,
bridge rectifier, a filter circuit, voltage regulator and
control switch, which is employed for installation
electronic circuit of a power supply. Switching power
supply is designed and installed down-up AC converter for
supplying power (12-35VDC) to the pulse repetition
frequency generator and other electrical appliances in the
egg incubator from 230 VAC and then produce different
levels of the required voltage.

The voltage regulator needs to 2 volts more than
confirmed voltage as well as, diodes are dropped about
0.7V for each one when operated in forwarding bias. So, in
bridge rectification will drop around 1.4V. To determined
output voltage step down transformer, V, is be through the
following equations, (Onuorah and Nwozor 2014).

Vi=Va+ Vr+Vp
Where:
V4 is desired output voltage, V is stored voltage in regulator and V,, is
voltage dropped in bridge rectifier.
Vi=30+2+14=334=35V

So, must be use a 230 to 35 Volt step down
transformer for that. On the other hand, the resistance
value, Ry is calculated as follows:

R.=V173 0000 ~ 27k0
"7 001 e
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To determined output power, P, is be through the
following equation.
Po = 1o X Va=60W
Where:
lo is current strength = 2A and V, is voltage applied across the circuit.

In this application, 230VAC power is converted
into 30VAC power using a selected step-down transformer
for operating a pulse repetition frequency generator and
other devices. Where the AC is fed to the transformer, the
bridge rectifier follows the transformer thus converting AC
voltage into a DC output and through a filtering capacitor
(C1) which feeds it directly into the input (Pinn) of the
voltage regulator, the common pin (C) of the voltage
regulator is grounded, the output (Pinout) of the voltage
regulator is filtered by a second capacitor (C) and then the
output is taken 30VDC power.

Controller circuit in voltage and frequency

A modern technique to control the power of a pulse
repetition frequency PRF generator was fixed inside the
incubator to regulate the amount of voltage and frequency
across its terminals and this can be achieved using pulse
width modulation.The power applied to the pulse repetition
frequency generator can be controlled by varying the width
of these applied pulses and thereby varying the average
voltage applied to the generator terminals from (12 to
30vDC).

The circuit of pulse repetition frequency is designed
and installed with a quail egg incubator to provide an
automatic controller as well as ease of monitoring and
control of the operating system. It was done by employing
the integrated circuit (FAN7171-F085 IC). This circuit was
used to generate PRF waves so that, the frequency pulses
of the generator can be adjusted as a required level.

The integrated circuit, IC was wired as a stable
multivibrator which produces a series of square wave
pulses. The output frequency of the stable multivibrator
depends on the utilization of the resistors, capacitors, and
diodes in order to make IC FAN7171 produce PRF output
signal modification in the stable circuit.The duty cycle of
the output was governed by the variable resistor R2
connected between pin 6 and pin 7 of IC. This resistor
holds the key for generating the PRF waves from the IC
output so by varying the resistance in the R2 the output
width of the pulse can be varied as desired resulting in the
generation of PRF waves, thus the R2 can be used as a
switch in order to control the pulse repetition frequency
generator in this way. The IC output is connected to
transistor Q1 which drives the generator by the signal
coming from FAN7171 IC output. The output frequency of
the generator will be high if the signal from the duty cycle
of the PRF is high.

Hence, the operating theory can be summarized as
follows: when the power switch is changed in the operation
mode, the current starts flowing from the voltage source
through the power supply circuit for converting 230V AC
into (12-30VDC) power using a step-down transformer.
Accordingly, the DC current flows from the power supply
to pulse width modulation than to an inductor and PRF
generator. A repetition frequency is generated due to this
continuous make and break of the circuit which induced
repetition frequency in the generator inside the eggs
incubator to the extent required.

Ventilation holes and required air inside incubation
cabinet

The main dimensions of the incubator are
0.96x0.72x1.10 m, hence this incubator capacity was 1000
quail eggs. The density of air can be calculated using the
following equation (Gbabo et al., 2014):

d 1.137 k. -3
=== 1. .m

Where:

pa is density of air inside incubator, P is atmospheric pressure =

101.325 kPa, R is specific gas constant = 287.058 J/kg-K°® and T is

incubation temperature = 37.5°C Weight of required air inside the

incubation cabinet can be calculated using the following equation:

m, =p, X V=1137 X 0.76 = 086 kg

Where:

ma is weight of required air inside incubation and V is volume of
incubation cabinet. The ventilation of the incubator chamber has a
strong influence on the efficient operation of the incubator and on
subsequent hatchability and incubator efficiency. For optimum
performance, incubators need to be enclosed in a room where there is
plenty of fresh air that has been preconditioned with temperature and
humidity.During the embryo develops it obtains oxygen and gives off
carbon dioxide. Hence, adequate ventilation inside the incubator is
required to achieve an appropriate supply of oxygen and the removal
of carbon dioxide. Best results are achieved during the incubation
process in the normal oxygen level of ambient air. The embryo can
undergo a limited level of carbon dioxide since the normal carbon
dioxide and oxygen concentration existent in the air appears to
represent an optimum gaseous environment for incubated eggs.

A ventilation system should be designed to achieve
the appropriate circulation of fresh air at a favorable
temperature and humidity. Based on the following
equation can be calculated the heat required to raise the
temperature of the air within the incubator.

Q.= m, C; AT =10.80K]
Where:
Q. is heat required to raise temperature of air, m, is weight of
required air, C, is specific heat capacity, kJ/kg.K and AT is
temperature Change.

To calculate air flow rate, g. can be used the power
required to heat an air flow as shown in the following
equation.

Fo

- _0035mis!
C. X pa X AT mes

Qa
Where:

0a is air flow rate m*s?, P, is power required to heat an air = 500W, C,
is specific heat capacity, pa, is density of air inside incubator and AT is
temperature change. Through relationship, g,=Axv can be calculated
diameter of hole is 1.5 cm with 10 ventilation holes. Where, A is area
of holes and v is air velocity =2 m.s™.

Air flow inside the incubation chamber

Laminar flow ensures uniformity of airflow in the
incubator making it guarantees the optimal combination of
air temperature, airspeed, and relative humidity reaches
every egqg inside the incubation chamber. This makes it
possible to maintain optimal hatchability percentage and
chick quality. Laminar flow occurs when the Reynolds
number is below a critical value of approximately 2000.
So, the Reynolds Number can be determined as follows
(Reynolds, 1883).

p,vdp
My

= 1791

R. =

Where:
pa is air density, pq is dynamic viscosity = 1.904x10° kg.m™.s?, v is air
velocity and dy, is hydraulic diameter.
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Hatchability and Mortality

The Percentage of hatchability and chick vitality
rate must be calculated for evaluating the developed
incubator. Hatchability and mortality on hatching day were
calculated as follows (Dalangin and Ancheta, 2018).

Ny
HP = —x 100
Nin
Where:
HP is percentage of hatchability, Ny, is number of chicks hatched and
Nin is number of eggs incubated.

Ng
MP =— x 100
Nin
Where:

MP is percentage of mortality, Ng is number of dead embryo and Ni,
is number of eggs incubated.

Incubator efficiency
Incubator efficiency can be calculated by using the
following equation (Dalangin and Ancheta, 2018):

th
in = % 100
??In N

h
Where:
1in is incubator efficiency, Ny is number of healthy chicks and Ny is
number of eggs hatched.
4. Energy consumption

The energy consumption, EC (kWh) is given by
using the following equation (Harb et al., 2010).

EC=F, +B,

Where:

EC is energy consumption, KWh.
Py, is power required for operating electric heater.
Py is power required for pulse repetition frequency generator.

RESULTS AND DISCUSSION

This results of this study will be discussed under
two key points namely the effect of both pulse intensity
and frequency duration during the incubation process. The
experimental results were discussed under the following
items:

1. Percentage of hatchability and mortality:

The obtained results of hatchability and mortality
versus pulse intensity at different frequency duration are
given in Fig. 3. It is noticed that hatchability was increased
by increasing pulse intensity up to 72 W.m?, any further
increase in pulse intensity up to 84 W.m? hatchability will
decrease.

Frequency duration, min | @10 D015 m20 =25 |

100

Hatchability, %

48 60 72 84
Pulse Intensity, W.m2

=

g. 3. Effect of pulse intensity and frequency duration
on hatchability.

The experimental results show that increasing pulse
intensity from 48 to 72 W.m?2 measured at different
frequency duration of 10, 15, 20 and 25 minute per hour,
increased hatchability from 65 to 79, 68 to 82, 72 to 86 and
75 to 89 % respectively. Any further increase in pulse
intensity more than 72 up to 84 W.m2 measured at the
same previous frequency duration decreased hatchability
from 79 to 70, 82 to 73, 86 to 76 and 89 to 78 %
respectively.

PREF is affecting the soft tissue for the embryo cells,
thus metabolism process will start working really well.
Apply PRF lead to improve activates of blood circulation
very well. As well as, it gives a positive impact on the
growth and development of the embryo in the hatching
stage. As, egg incubator is equipped with automatic
controls to maintain the proper levels of temperature,
humidity, turn and in addition to controlling repetition
frequency.

The obtained values of mortality as a function of
frequency duration and pulse intensity are shown in Fig. 4.
It was evident that mortality values were 40, 37, 35 and 29
% under frequency duration of 10, 15, 20 and 25 min,
respectively at pulse intensity of 48 W.m. It was noticed
that mortality values were 27, 24, 20 and 17 % measured
under the same previous frequency duration respectively
and at pulse intensity of 72 W.m2,

Frequency duration, min | @10 015 =20 EZSI

100

Mortality, %

48 60 72 84
Pulse Intensity, W.m=2

Fig. 4. Effect of pulse intensity and frequency duration
on mortality.

The obtained results indicated that the hatchability
was reached 89% under frequency duration 25 min per
hour and pulse intensity of 72 W.m2 The pulse intensity
and frequency duration are bringing vibration inside the
soft tissue and thus will prevent embryos deformity as well
as stimulate the chicks and increase their activity, which
had a great impact on the percentage of hatchability.

2. Incubator efficiency:

The influence of pulse intensity on incubator
efficiency at different frequency duration is given in Fig. 5.
The obtained results show that increasing pulse intensity
from 48 to 72 W.m? measured at different frequency
duration of 10, 15, 20 and 25 min per hour, increased
incubator efficiency from 60 to 73, 63 to 76, 65 to 80 and
71 to 83 % respectively.

Any further increase in pulse intensity more than 72
up to 84 W.m? measured at the same previous frequency
duration decreased incubator efficiency from 73 to 66, 76
to 69, 80 to 72 and 83 to 74 % respectively. Poor results
are revealed with improper control of pulse intensity and
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frequency duration. i.e. that the frequency level or rated
voltage is too high or too low for a sufficient length of time
that it interferes with the normal growth and development
of the embryo, which had a great impact on incubator
efficiency. Pulse repetition frequency was affecting the soft
tissue for the embryo cells and the metabolism will start
working really well. It also stimulates blood circulation
very well. Furthermore, it gives a positive effect on the
growth and development of the embryo.

Frequency duration, min [==10 =0=15 =rm=20 =-=25
1
95 4
= 90 1
# 85 _
£ 80 1 L
w 70 4 —_— =
2 g5 4 /
= g |
2
E 55 4
50 T T T T T
42 48 54 L] 66 T2 T8 84 20
Pulse Intensity, W.m=

Fig. 5. incubator efficiency as a function of pulse

intensity.

3. Energy consumption:

Results show that increasing pulse intensity from
48 to 84 W.m2 measured at different frequency duration of
10, 15, 20 and 25 min per hour, increased energy
consumption from 508 to 514, 512 to 521, 516 to 528 and
520 to 535 W.h, respectively as shown in the Fig. 6.

Frequency duration, min I —=10 ==15 ——20 —»—25'

540

=
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= /
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g / A
E 525 ; s /
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g 520 i \4/

o /
& 515 i = _
H E,,.._------"""'--_ P
w510 —

505 A

500

42 48 54 60 66 72 78 84 90
Pulse Intensity, W.m=2

Fig. 6. Effect of pulse intensity on energy consumption.

The energy consumption increased by increasing
the pulse intensity because of the increase of power
consumed and frequency duration at the same time during
the incubation process.

CONCLUSION

In the last few years, there has been a growing
interest in egg incubation, for several years a great effort
has been devoted to the study of different factors in the
incubation technique.

The paper presents a new approach to the new
modulation method based on the Pulse Repetition
Frequency (PRF) technique to control of pulses generator.
PRF is a technique in which the ON time or OFF time of a
pulse was varied with respect to the amplitude of the input
signal, which keeps the period of pulses constant but
varying its duty cycle.
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The essential concept of the innovator technique is
to control duty cycles for the pulses generator by regulating
the amount of voltage across its terminals. The proposed
technique can regulate the rated voltage from 12 to 30VDC
using the power supply circuit to control the pulses
generator in an egg incubator. Using the suggested control
technique, it is possible producing the required voltage for
operating the pulses generator during the egg incubation at
low levels of PRF. Pulse intensity and its duration are
creating a low vibration inside the soft tissue and thus
stimulate the chicks and increase their activity. Which had
a great impact on the percentage of hatchability in a safe
manner that would not impact negatively the incubation
process. This development would provide a good
perspective for hatching results and incubation process
efficiency.
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