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Abstract: This paper presents the PID controlling direct current (DC) to the direct current boost converter feds DC motor which has a 3.68 kW and 240 V of DC voltage input 
on its characteristics. What is first formed is the boost converter mathematical model at the design stage. Secondly, a mathematical model of the DC motor is created so that 
the boost converter with the machine can be established and modeled at the Matlab Simulink. The PID controller is considered for arranging a pulse width modulation for a 
boost converter switch because the needed voltage is provided for a DC motor. After that, the PID controlling direct current (DC) to a direct current boost converter running the 
DC motor is implemented at the Matlab Simulink. In addition to that, the only constant source running the DC motor is simulated at the Matlab Simulink. The DC motor operated 
by the PID controlling converter that has a low input voltage is compared to the DC motor operated by the high constant DC voltage. A low voltage input converter controlling 
the DC motor has a high performance according to the high constant DC source running the DC motor. 
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1 INTRODUCTION 
 

Many researchers deal with the speed control of the DC 
machine since DC motors are controlled over a wide range 
with stable and linear characteristics. DC motors are 
preferred at the industrial working areas because of the 
stable speed and stable load performance [1÷3]. In addition 
to that, sometimes dc energy on systems may be inadequate 
although direct voltage sources are needed for the operation 
of DC motors. The DC-DC converters are considered good 
selection for supplying the load when the direct current 
sources are not sufficient. So, the DC-DC converters are 
very important at the DC energy regulation, generation 
systems and power applications. Some control techniques 
have to be used for the increase performance of the power 
circuit using DC sources [4÷8].The PID control techniques 
have been applied for the controlling of some power systems 
[9÷10]. In the study, the PID control using the step sinus 
pulse width modulation (SSPWM) DC-DC boost converter 
is unlike the similar studies [11÷13]. The DC-DC boost 
converter of the mathematical model for the system first part 
is designed so that the DC-DC boost converter can increase 
a low-level DC voltage (150 V) to a high-level value (520 
V). After that, a mathematical model of the DC motor for 
the system second part is created to perform at the Matlab 
Simulink. For the regulation of the low DC voltage, the PID 
control is applied from the output speed of the DC motor to 
the switch of DC-DC converter after the converter is 
connected to the DC motor as in Fig. 1. The DC motor with  
the DC-DC boost converter,  the DC motor with the 
constant DC source are modeled at the Matlab Simulink for 
the observation and the comparison of output performances, 
which are toques, rotor speeds, and currents. The DC-DC 
boost converter drives DC motor with 150 V on a closed-
loop with the PID control, while the constant DC source 
runs the DC motor by 240 V on an open-loop which is 

uncontrolled. The running DC motor with a DC-DC 
converter on a closed-loop control has the demanded results 
such as high settlement current and torques, even though the 
running DC motor with the constant DC source has high 
voltage on an open-loop control. 
 

 
Figure 1 PID controlling the DC-DC boost converter running the DC motor 

 
2 BOOST CONVERTER  
 

Fig. 2 shows the power converter which operates to 
raise a direct voltage. Firstly, the power circuit of the 
mathematical model is obtained by the relation between the 
input and output voltage equations when the MOSFET 
switch that is an active component  is operating the passive  
components such as inductor, resistance and capacitor. In 
the equations, Vg is the value of input voltage, VL is the 
value of inductance voltage, and iL is the value of inductance 
current, R is the resistive load, C is the capacitor for 
converter output voltage, and D is the duty time for the 
switches. 
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Figure 2 Boost converter circuit model 

 
For the equation of state space, the form of equations 

and the relations between the current of inductance and the 
voltage of output have to be formed to a uxx BA += form. 
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The variables obtained in the above shown equations 

are shown in the matrix form as follows.  
 

onDB

zI
V

C
D

L
D

onDA
V
I

V
i g


























+








=





0

0

00
00

                                 (5)                                 

For OFFS =  
 

cg VVLV +=                                                                       (6) 

cg
L VVL
t
i

−=
d

d                                                                  (7) 

L
VV

t
i cgL −

=
d

d                                                                    (8) 

L
V

L
V

i cg −=                                                                        (9) 

CzI
R
VIV 1







 +−=                                                         (10)    

         
                                                                        

CzI
RC
V

C
IV 1

+−=                                                         (11) 

 
A and B matrix are calculated to form the state space which 
has the required variables for the boost converter. – A as the 
given Eq. (12), and B as given Eq. (13). 
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Eqs. (14) and (15) show the matrixes on the final form: 
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3 DESIGN OF THE PULSE WIDTH MODULATION 
 

The pulse width modulation technique is widely 
considered for the motors drive and different loads drive at 
the some studies [15÷20]. The paper deals with the 
modulation technique. The technique is that the step-sinus 
pulse width modulation (SSPWM) showed in Fig. 3 controls 
the switch of the DC-DC converter. SSPWM is formed 
when two different triangles compare to the step sinus 
signals. The switching times can be are determined with 
triangular similarity, because the steps of sinus signal 
increase the b unit lengths on the vertical and different the k 
unit lengths on the horizontal, as shown in Fig. 3. The 
creating voltage on loads is calculated as analytic because 
the interactions of steps with the triangles form similar 
triangles. Every formed triangle has a different size in all 
formed triangles. Pulse widths are produced because the 
similar   triangle rules are shaped in the half period (T/2). 
Pulse widths are shown in Fig. 4 as similar   triangles. Df is 
the first pulse width, Da is the average pulse width, and n is 
the pulse number. 
 

 
Figure 3 (a) Steps compared with the triangles, (b) formed triangles 
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Figure 4 Formed triangles 

 
The PWM switching voltages producing current signals 

are shown for inductive loads (L) in the PWMs in Fig. 5.  
 

                                                         
                                    (a)                                    (b) 

Figure 5 (a) PWM producing current in between T/2 and T, (b) PWM producing 
current in between 0 and T/2 

 
The size changes of the SSPWMs are 1a, 2a, 3a, 4a, 5a 

in the period of T/2 as shown in Fig. 6. 
 

 
Figure 6 A linear increases of the PWM signals is created in the comparison of the 

results 
 

While controlling switch, the step sinus pulse width 
modulation provides the total current for the inductive load 
(L) in Fig. 6 as in the Eq. (16). 
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If two triangles are used to produce SSPWM for every 

step in the horizontal size of the steps which are increased 
for 2b, two same SSPWMs are created on every step as in 
Fig. 7. 
 

 
Figure 7 A linear increases of the angular PWM signals is created in comparison 

of the results 
 

The width changes for the SSPWMs are 2× (1a, 2a, 3a, 
4a, 5a) in the period of T/2 as shown in Fig. 8. 

                                            

 
Figure 8 A linear increases of the angular PWM signals 

 
The angular step sinus pulse width modulation produces 

the total current of the equation in Fig. 6 as in the Eq. (17) 
for inductive loads. 
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The switching times create a total alternating voltage 

according to the step sinus pulse width modulation on a 
period of T/2. The switch times increase from Df to Da. The 
increases are linear because of the similar triangle rules 
because comparison of steps and triangles are arranged for 
creating triangular similarity as in Fig. 4. There are n pulses 
in a period of T/2. Therefore, the pulses are added as Eq. 
(18). 
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4 DC MOTOR DESIGN 
 
      The DC motor’s mathematical model implements a 
separately created DC machine. The model has certain 
parameters. The resistance of armature is Ra in ohms and the 
inductance of armature is La in henries. The resistance of 
field is Rf in ohms and the inductance of field is Lf in 
henries. The field armature’s mutual inductance is Laf in 
henries. The total inertia of the DC machine is J in kg∙m².  
The total friction coefficient of the DC machine is Bm in 
N∙m∙s. The total Coulomb friction torque constant of the DC 
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machine is Tf in N∙m. KE is the voltage constant and w is the 
machine speed in rad/s. The armature current is ia in ampere. 
The field current is if in ampere, the electrical torque is Te in 
Nm. The field terminal exists between (F+, F−) with the 
inductance La and resistance Ra in the series. The armature 
circuit is constructed between the A+ and A− which contain 
the inductance La and the resistance Ra in the series with a 
counter-electromotive force E calculated as the Eq. (19). 
 

wKE E=
                             

                                            (19) 
 

E is proportional to the field current İf in a separately 
created DC machine model and KE is calculated as the Eq. 
(20)    
 

faf ILE =                                                                         (20) 
 

The mechanical part is described as the Eq. (21). 
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The state space equation is formed for the machine 

speed w as the Eq. (23). 
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The DC machine model of the Matlab Simulink is 

shown in Fig. 9 according to the created mathematical 
equations. 
  

 

Figure 9 DC machine model of the Matlab Simulink  
 

The DC machine model of the Matlab Simulink is given 
in Fig. 9 according to the created mathematical models.  The 
PID control is considered to obtain a better result while 
running the system. The differential form of the PID 
controller is in the Eq. (24). The Laplace form of the PID 

controller is in the Eq. (25). Kp is the proportional gain. Ki is 
the integral gain. Kd is the derivational gain. 
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If the proportional gain, integral gain and derivational 

gain are applied to the DC motor equation, the Eq. (26) and 
Eq. (27) are formed as follows: 
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5 EXPERIMENTAL RESULTS 

 
The applications of the PID controlling DC motor on 

the closed-loop control and the constant DC source feeding 
the DC motor on an open-loop control are performed in the 
Matlab Simulink. The armature of the DC motor with the 
constant DC source is worked with 520 V while the 
armature of the DC motor with DC-DC converter is 
performed with 150 V at the closed-loop control as shown 
in Fig. 10. 
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Figure 10 PID controlling the DC-DC converter of input, output voltages and the 

PWM signal 
 

The speed of the DC motor which has 0.9 N∙m of load 
can reach 115 rad/s (1100 rpm), while 240 V of the constant 
direct voltage source runs the DC motor as uncontrolled, 
which is an open-loop control as shown in Fig. 11. The 
speed of the DC motor which has 0.9 N∙m of load reaches 
145 rad/s (1385 rpm) on a closed- loop control, while 150 V 
of direct voltage feeding the converter runs the DC motor as 
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shown in Fig. 11. The PID controlling of the DC-DC 
converter achieves a high performance on the speed of the 
DC motor although the converter has low voltage according 
to the constant DC source. 
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Figure 11 PID controlling the DC-DC boost converter and the constant DC source 

running the speed of the DC motors 
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Figure 12 PID controlling the DC-DC boost converter and the constant DC source 

running the currents of the DC motors 
 

After 240 V of the constant direct voltage running the 
DC motor as in an open loop control in Fig. 12, a settling 
current value of the DC motor can reach 62 A on 0.3 s while 
a starting current of the DC motor obtains a peak current 
value such as 400 A on 0.05 s. 150 V of the direct voltage 
feeding the power converter with, the DC motor runs on a 
closed-loop with a PID control.  A settling current of the DC 
motor can reach 72 A on 0.1 s while the DC motor reaches 
400 A of the peak current value on 0.5 s as in Fig. 12. 
Although the converter has a lower input voltage which is 
150 V as opposed to the constant DC source of 240 V, the 
DC motor with the DC-DC converter achieves a high 
performance on a settling current of the DC motor in a 
closed-loop control. 
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Figure 13 PID controlling DC-DC boost converter and a constant DC source 

running the torques of the DC motors 
 
      After 240 V of the constant direct voltage source runs 
the DC motor on open-loop control in Fig. 13, a settling 
torque of the DC motor can remain such as 105 Nm on 0.05 
s while the maximum starting torque reaching 720 N∙m on 
0.3 s. When the 150 V of direct voltage feeding the DC-DC 
boost converter runs the DC motor with the PID controlling 
as in Fig. 13, a settling torque of the DC motor can reach 
143 N∙m on 0.1 s after 450 N∙m of the maximum starting 
torque. The PID controlling DC-DC converter achieves high 
performance on the settling torque of the DC motor even 
though the input of the converter has a low input voltage 
according to the constant DC source which is 240 V. 

The values of the used parameters are shown in Tab. 1 
for the system constructed. 
 

Table 1 Values of the used parameters  
Parameter Values Parameter Values 

Laf 1.8 H Converter input Vdc 150 V 
La 0.012 H L 0.1 mH 
Ra 0.6 Ω C 0.001 mF 
Rf 240 Ω Kp 0.002 
Lf 120 H Ki 0.001 
Bm 0.2 N∙m∙s Kd 0.001 
J 0.5 km² TL 0.9 N∙m 
Ts 0.0001 s Converter output Vdc 550 V 

 
6 CONCLUSION 
 

The DC motor and the DC-DC boost converter 
mathematical model were formed so that the PID controlling 
converter connecting the DC motor could be constructed at 
the Matlab Simulink. The PID controlling DC-DC boost 
converter driving the DC motor and a constant DC source 
driving the DC motor are simulated in the Matlab Simulink 
for the comparison of output performances after the formed 
mathematical model. The results are analyzed in this study 
after the system is performed. for the current and torque and 
speed of the DC motor, the DC motor which has a PID 
controlling DC-DC boost converter does a better 
performance on a closed-loop than a constant DC source 
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running the DC motor on an open-loop according to the 
results. 
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