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Abstract DC-DC converters are widely used in electrical
machinery driver circuits. Classic controllers and fuzzy logic
controllers, DC converters operating range setting switches
provide control of electrical machines drives. In this study,
which is one of the Ctk converter DC converters MATLAB /
Simulink model was prepared, at the output of a DC Motor
Dynamic Model, Proportional Integral, Proportional Integral
Derivative and Fuzzy Logic Controllers to be controlled by a
speed and a reference was provided and compared with the
performances of these controllers.
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1. Introduction

This Nowadays, with the rapid development of industry,
electric power, and this power can be controlled by the
Power Electronics Circuit was committed, the need for
increased rapidly. AC-DC and DC-DC Motor Speed
Control Units, Uninterruptible Power Supplies, Battery
Chargers, Switch Mode AC-DC Power Supplies, Static
devices such as voltage regulators, providing electrical
power feeding the load that needs major industrial power
electronics applications [1].

In many industrial applications DC voltage value instead
of a fixed value of the DC voltage is needed at different
levels. Constant DC voltage level, different DC voltage
levels are used to convert DC converter circuits.
Input-output voltage values are used differently depending
on the structure of the DC converter circuit. The first thing
to be considered when selecting the converter structure
input and output voltage values. For example, according to
the input voltage value of the output voltage increases when
the desired value is higher when using the structure-type

DC converter, the output voltage value of the input voltage
is lower than the value used when necessary to reduce such
DC converter structure [2].

DC-DC converters are many different types. They all
have advantages and disadvantages relative to each other.
Some of the voltage converters to reduce some of the others
in enhancing and increasing the reduction is used. DC-DC
converters with fuzzy logic control algorithm incorporating
all kinds of engineering applications can be applied
successfully. Fuzzy logic control DC-DC converter and has
a better performance as well as reduced costs. In parallel
with the development of digital technology and digital
control, the application of fuzzy logic in proportion to the
power transformer developed [3].

DC-DC control techniques in power electronics and
control systems and to increase efficiency of this technique
is a subject dealt, despite the disadvantages of analog
control techniques, such as the difficulty of mathematical
modeling and hardware available. Because the controller is
based on the construction of mathematical models of
complex non-linear systems is an important problem in this
area, the possibility of applying fuzzy logic discovery of
this problem has been solved. Classical fuzzy logic
approach because digital controller without the need to use
complex mathematical modeling has become a solution to
the advantages provided in terms of hardware cost.
Nowadays these problems, fuzzy logic (FL), or proportional
integral (PI) controllers as well as traditional tried to find a
solution. Classical controllers are speed and load changes
caused by the violation and are undesirable fluctuations [4].

2. Cuk Converter Design

Cuk converter circuit connection shown in Figure 1.
Converter circuit, the power switch is ideal, coils and
capacitors losses and the DC is not an ideal voltage source
Vi, is the input source is assumed to be zero internal
resistance.
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Figure 1. Ideally switch using Cuk converter

Due to the lack of real systems, this switch ideal diode
circuit in Figure 2, a switching MOSFET and the problem is
resolved in a way close to the ideal.
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Figure 2

Complete Cik cdnverter|circuit

Figure 3. MOSFET switch to the "ON" position.

L1 L2
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Figure 4. MOSFET switch to the "OFF" position, but C, connected D;.

Figure 3 shows the MOSFET switch status of the new
circuit to the case where transmission. In this case,
completing the circuit of the DC source L, capacitor C,
will discharge by transferring energy to the output.

Figure 4 MOSFET switch position at the same time you
are at the state of the diode circuit is new to the case where
transmission. In this case, connect input capacitor C; starts
charging.

Circuit of Figure 3 is applied to the laws of Kirchhoff's
voltage and current flows from the inductor and the
capacitor voltage is equal to (1), (2), (3) and (4) are
obtained.

v, =V, (1)
Vi, ==V, =V, (2)
ley =h )
imzh—%- )

Figure 4 circuit is applied to the laws of Kirchhoff's
voltage and current flows from the inductor and the
capacitor voltage is equal to (5), (6), (7) and (8) are
obtained.

Vin =V =V (5)
Vip =™ ©)
Iey =1 )
v,
Iy =1 ——
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Figure 5. Cuk converter circuit MATLAB / Simulink equivalent.

Figure 5 MATLAB / Simulink environment, a Cuk
converter circuit is prepared. All the elements of the circuit
in Figure 6, the time rate of flow and stress observed. 10V
MOSFET source voltage of the switch corresponds to the
case where the working rate of 75%, the output voltage is
about 26V. In Figure 7, the voltage of about 2.5 V at the
level of 25% of the working rate. As a result, Cuk converter
switch duty cycle is greater than 50% of the output voltage
increases, decreases when less than 50%.
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3. Permanent Magnet DC Motor

A DC motor, armature circuit diagram of the electrical
circuit and the mechanical rotor shown in Figure 8.

Figure 8. PMDC motor equivalent circuit.

dojdt =0 = o, )
J do [dt=K .91 —f .o —-M
m m/ m ¢ a fm m load (10)
L di /dt=V-R i —-K,. o
a a/ a’a b ¢ m (11)

In this model, the engine torque T., IA armature current,
armature construction constant (K;) by multiplying the (T, =
K..i,) is obtained. Armature voltage (e,), the rotational speed
(0,) and motor construction constant (K.) by multiplying
(e, = K..00,,) are available. Rotational speed of the motor
shaft, the position change over time, sewage, equation (9) is
expressed. Mechanical and electrical components of the
motor equations, equations (10) and (11) are expressed.
Many mathematical method using equations (10) and (11)
can be solved [5].

4. Establishment of the System Control
Model

In this study, Cik converter circuit separately, PI, PID,
and is controlled by the FLC. A DC inverter output voltage
for a given input voltage, the value of the switch is
controlled by setting the duration of the transmission and
cutting. In these periods, Pulse Width Modulation (PWM)
method is called is set. Fixed switching frequency PWM
switching, switch control signal repetitive waveform shown
in Figure 9 is obtained by comparing the signal level
voltage Vi controls [6-7].

DC inverters, the input voltage and output load are
changed, even if the desired average value of the output
voltage that is requested. It is designed for different control
models. The most important of these is the PI, PID and
Fuzzy Logic control. This control models desired, and
comparing the actual voltage values are the error and the
error change [8]. These two values form input control
models. The output of the model is used for switching the
PWM control voltage V. Control model, the inverter sets
the value of the actual output voltage Vin order to deliver

the desired voltage.

Vref
' Vi Relational Switch
—_— Operator C_ontrol
Vactual |-.. Signal
Repeating
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Figure 9. Pulse Width Modulation (PWM)

4.1. Proportional Integral (PI) Control Type

The control block diagram of the classical PI controller is
given in Figure 10. According to DC converter reference
voltage input circuit, output voltage, is controlled by the PI
controller. On activated equations are as follows.

REFERENCE
"’ out1
Figure 10. PI Controller Block Diagram
u(t)=K e(t)+K [e(t)d(t)
P ’ (12)
du(t
ut) _ g e K e(?)
dt p dt l (13)
If equation (13) is defined k domains;
—u(k -1 —e(k-1
u(k)y—u(k-1) _x e(k)—e(k—1) de(t) +K e(k)T
T p T dt i s
S S (14)
u(k)=u(k-1)+K [e(k)—e(k—D]+ K, +e(k)T, (15)

To obtain the equations for the control circuit. Where T's is
the sampling time is equal.

The coefficients used in the design of conventional PI and
PID controllers are shown in Table I.

Table 1. PIand PID Parameters
PI PID
P 0,001 0,001
I 0,02 0,02
D - 0,01
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4.1. Fuzzy Logic Control Type

The first is a small steam engine as the control for fuzzy
logic control was carried out by Mamdani and Assilian.
Fuzzy logic control algorithm consists of a set of rules and
linguistic terms to express an intuitive control for fuzzy sets
and fuzzy logic to evaluate the rules used [9-10].

As is known, the structure of fuzzy logic controller
consists of three parts. If you need a brief look at these
sections, the first as "The Blur" phase, the absolute values are
converted to fuzzy values. Then, fuzzy rules, fuzzy values
are processed "Rule processing and decision-making" phase,
and finally, "defuzzification" step, the exact result is
converted to fuzzy. Fuzzy logic control system is shown in
Figure 11[11-12].
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Figure 11. FLC Controller Block Diagram
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Figure 12. The block diagram of the whole system

5. Simulation of the Entire System

Figure 12 PI in the system, in turn, is connected to the
PID and FLC. These controllers, variable speed error
between the reference and the output signal audited by the
Cuk converter is PMDC motor actual speed with PWM
method determines the position of the MOSFET switch.
Cuk converter, determines the output voltage of the switch
position. This voltage determines the speed of the motor.
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Figure 13. Cuk converter with PI controller components, current and
voltage values change over time.
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Figure 14. Cuk converter with PID controller components, current and
voltage values change over time.
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Figure 15. Cuk converter with FLC controller components, current and
voltage values change over time.
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6. Conclusion

The Fuzzy logic control method can easily be applied
Cuk converters. In this study, the voltage applied to the
motor to control the speed PMDC must be changed over
time, and reduces both can increase the Cuk converter
voltage converter types are selected. Converter control
conventional PI, PID and Fuzzy Logic control were
performed separately.

Designed in MATLAB / Simulink environment, as
shown in the graphs obtained from simulated, Fuzzy Logic
control, the control strategy and decision-making to be
based on a rule base is capable of changing the system due
to the conditions under normal conditions and in accordance
with the PI and PID control, it is seen that better results.
Similar to the PID control, PI control provided by a better
dynamic performance.
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