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 Many techniques have been developed for the speed manipulation of  

shunt-wound direct current motors (SWDCMs) established based on 

armature and field control. The current research proposes a controller based 
on the pole placement (PP) control technique and compares it with a 

proportional integral (PI) controller for trajectory speed control of SWDCM 

with uncertainty. The circuit of the DC/DC converters energizes the DC 

motor. The responses are analyzed according to the dynamic mathematical 
model of the implemented controllers and the model of the DC/DC 

converters. Comparison of the motor dynamical response of the conventional 

PI and proposed PP controllers indicates that the PP controller exhibits 

improved performance in terms of rise time and steady-state error. 
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1. INTRODUCTION 

The DC motors are utilized in many real-world applications, such as cement production, steel 

factories, cutters, winches, hoists, fabric devices, grinding engines, welding machine, winch rollers, tool 

machinery, fans, drilling, automobiles, and robotics [1]–[4]. Direct current (DC) motors are the most 

preferred among various kinds of electric motors because they easily meet motion requirements. However, 

reducing the energy utilization of electric-motor-driven systems with high power remains problematic and 

unsolved. 

Shunt-wound DC motors (SWDCMs) are generally used in applications with high demands for load 

torque or power [1]. SWDCMs are broadly utilized in many manufacturing applications in which a rotational 

system needs to have a constant speed to perform particular functions and purposes. Notable examples 

include electric automobiles, rolling and robotic manipulators, and cutting and threading steel mills due to the 

need for accurate control features [5]. A technique to integrate the dynamics of fractional order into an 

available control system of a DC via an inner proportional integral (PI) or proportional integral derivative 

(PID) controller was developed in [6]. A novel adaptive speed path tracking control system for nonlinear 

SWDCMs subjected to changeable load torque and parametric uncertainty was proposed in [7]. A smart 

speed controller for SWDCMs on the basis of the nonlinear autoregressive method was presented in [5]. A 

contrast of a closed-loop DC/DC converter on a solar basis that utilizes SWDCM force PID and fuzzy logic 

control was introduced in [8]. The full-state feedback (FSF) or pole placement (PP) technique is a means of 

utilizing feedback control theory to situate plant closed-loop poles in prearranged places on the s-plane [1]. 

Situating poles are desirable because the site of poles is a straightforward match of system eigenvalues, 

which organize the properties of the system response. The system should be regarded as controllable to apply 

this technique. Moreover, in [9], optimal FSF for separately excited and series-excited motor configurations 

https://en.wikipedia.org/wiki/Direct_current
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with a buck converter was considered. The design and implementation of a controller for adaptive feedback 

linearization in an SWDCM were introduced in [10]. In [11], three dissimilar techniques, namely,  

input–output linearization, feedback linearization, and fuzzy logic control, for the nonlinear control design of 

SWDCM velocity were assessed. 

The current study uses the PP technique to design an angular speed controller for an SWDCM with 

uncertainty. The focus of this work is to develop a control system with high-speed tracking accuracy and 

response features of SWDCM with uncertainty. The proposed controller can considerably improve the 

control performance of the motor. In the design of the PP controller, we consider the model of the DC/DC 

converter. Many studies have been conducted on converter models, such as buck, boost, and buck–boost 

converters. In this study, however, the buck and boost models are considered drivers for SWDCMs. The 

effectiveness of the proposed controller is verified by comparing its simulation results with those of a straight 

PI controller. 

The remainder of the paper is structured as follows. Section 2 tackles the modeling of the DC motor 

and the models of DC/DC converters. Moreover, this section presents and discusses the PI-controlled 

chopper structure with the DC motor. Section 3 addresses the results of the numerical simulation for the 

proposed PP technique and conventional PI controller by utilizing the MATLAB®/Simulink® package. 

Section 4 provides the conclusions.  

 

 

2. RESEARCH METHOD  

2.1.  Modeling and dynamics  

2.1.1. Shunt-wound DC motor (SWDCM) 

The objective of developing the mathematical model lies in associating the voltage that is applied to 

the armature to motor velocity. Two differential equations are developed in consideration of the system’s 

mechanical and electrical properties [10]. Figure 1 illustrates the corresponding electrical circuit of SWDCM. 

The details of the signals and parameters cited in the equations are presented as the voltage supply (𝑉𝑎) along 

the armature coil. We describe the armature coil to be electrically equivalent to inductance (𝐿𝑎) in a series 

with resistance (𝑅𝑎). The field circuit linked along the armature contains inductance and resistance values 𝐿𝑓 

and 𝑅𝑓, respectively. w, 𝐵, and J respectively represent the rotary velocity, coefficient of viscous friction, and 

instant of inertia connected to the load and motor together [11]. The electrical coil rotation generates induced 

voltage 𝑒𝑏 via field winding stable flux lines [2]. Utilizing Kirchoff’s voltage law produces the dynamic 

equations of the equivalent circuit of the SWDCM method around the electrical loop [2]. By achieving 

energy balance in the method, the total of motor torques equals zero [3], and (1)-(3) are obtained. 

 

𝑣𝑓 = 𝑅𝑓𝑖𝑓 + 𝐿𝑓

𝑑𝑖𝑓

𝑑𝑡
 (1) 

 

𝑣𝑎 − 𝑒𝑎 = 𝑅𝑎𝑖𝑎 + 𝐿𝑎
𝑑𝑖𝑎

𝑑𝑡
 (2) 

 

𝑇𝑒 =  𝐽
𝑑𝜔

𝑑𝑡
+ 𝑇𝐿 + 𝐵𝜔 (3) 

 

 

 
 

Figure 1. Schematic of SWDCM [1], [12] 

 

 

2.1.2. Buck converter 

Figure 2 displays a diagram of the buck converter circuit. The transistor functions with a stable 

frequency in period 𝑇 and on time to period time percentage or duty ratio (𝑑) [13]. The current of the 
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inductor is presumed to be constant [14]. The relation between the duty ratio and stable output voltage can be 

achieved by equating the volt-seconds of the positive and negative inductors in a switching series. The  

volt-seconds should stabilize in a fixed state process. 

 
(𝑉𝑖 − 𝑉)𝑑𝜏 = 𝑉(1 − 𝐷) (4) 

 

𝑉 = 𝐷𝑉𝑖 (5) 

 

Given that the value of 𝐷 is between 0 and 1, the output voltage of the converter should be lower than or 

equivalent to the input voltage. 

The typical condition of the converter control system is to keep the output voltage steady regardless 

of the differences in the voltage of DC source 𝑉𝑖 and the current of the load. With respect to the fixed state 

equation of the output voltage, 𝑉𝑖  is independent of the load conditions. However, alterations in load 

influence the output voltage in a transitory manner and may result in essential deviations from the fixed state 

level. Moreover, circuit losses in a practical system present a dependency of the output voltage on the current 

of the fixed state load, which should be balanced by the control system. The converter model of state and 

space can be expressed as the following equations [9], [14]: 

 
𝑑𝑖𝐿

𝑑𝑡
= (

1

𝐿
) (𝐷𝑉𝑖 − 𝑉𝑎 − 𝑅𝐿𝑖𝐿) (6) 

 
𝑑𝑉𝑐

𝑑𝑡
= (

1

𝐶
) (𝑖𝐿 − 𝑖𝑎) (7) 

 

𝑉𝑎 = 𝑉𝑐 +  𝑅𝑐(𝑖𝐿– 𝑖𝑎) (8) 

 

where 𝑉𝑖(V) represents the input voltage, 𝑖𝑎(A) describes the current of the armature, 𝑅𝐿(Ω) represents the 

resistance of the inductor, 𝐿(H) denotes the buck inductor inductance, 𝐶(F) refers to the capacitance of the 

capacitor of the buck converter, and 𝑅𝐶(Ω) stands for the resistance of equivalent series. Table 1 shows the 

buck converter parameters used in the study. 

 

 

 
 

Figure 2. Buck converter circuit diagram [15] 

 

 

Table 1. Buck converter parameters 
Parameter Value 

RL(Ω) 0.017 

L(mH) 1.5 

RC(Ω) 0.25 

C(μF) 9,400 

 

 

2.1.3. Boost converter 

Figure 3 depicts the circuit diagram of the boost converter. We assume that the semi-conductors are 

ideal. Accordingly, the blocking and conduction states are applied without any absolute loss of time. The 

diode is inversely polarized when the transistor is in the ON state [11]. Therefore, the energy does not flow to 

the driven system from source 𝑉𝑖. Moreover, the diode is forwardly polarized when the state of the transistor 

is OFF. This condition permits the energy to flow to the load [15], [16].  
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Figure 3. Boost converter circuit diagram [17] 

 

 

The boost converter modeling equations are designed according to the following [18]–[20]: 

 

𝐿 
𝑑𝑖𝐿

𝑑𝑡
= 𝑉𝑖– (1 − 𝐷)𝑉𝑐, (9) 

 

𝐶
𝑑𝑉𝑐

𝑑𝑡
= 𝑖𝐿(1 − 𝐷) −  𝑖𝑎, (10) 

 

where 𝑖𝐿 represents the current of the inductor, 𝑉𝑐 denotes the voltage of the capacitor, and 𝑖𝑎 stands for the 

current of the armature. Pointing to the DC/DC converter, L and C signify the inductance and capacitance of 

the converter, respectively. 𝑉𝑖  signifies the DC input voltage, and 𝐷 signifies the duty ratio standing for the 

ratio of the switching cycle in a period. With regard to the DC motor, the parameters of the boost converter 

system design are 𝑉𝑖=10 V, 𝐿 = 16 × 10−3 H, and 𝐶 = 57 × 106 F. 

 

2.2.  The proposed PP controller  

In this section, The PP controller was devised with a buck/boost converter similar to a blocked 

round element of the control approach to preserve the velocity of SWDCM, as shown in Figure 4. The 

control law of the proposed PP controller can be expressed as (11): 

 

𝐷 =  𝜔𝑟𝑒𝑓– 𝐾𝑥 + 𝑘6 ∫ 𝑒𝜔𝑑𝑡, (11) 

 

where 𝑥 = [𝑖𝐿𝑣𝐶𝑖𝛼𝜔𝑖𝑓] is the state vector of the complete model, which is composed of SWDCM and the 

DC/DC converter; 𝑒𝜔 =  𝜔𝑟𝑒𝑓 − 𝜔 represents the speed tracking error; and [ 𝐾 𝑘6] is the gain vector of the 

proposed PP controller. 

On the basis of the system description provided in this section, the evaluated state-feedback gain 

vectors for boost and buck are 𝐾𝑏𝑜𝑜𝑠𝑡 =  [ 𝑘1 𝑘2 𝑘3 𝑘4 𝑘5 𝑘6] =  [0.3  2.9  0.13  79.21  141.21  20] and 

𝐾𝑏𝑢𝑐𝑘 = [ 𝑘1 𝑘2 𝑘3 𝑘4 𝑘5 𝑘6] = [1.73  0.68  0.71  41.88  654.21  100], respectively. For comparison, a 

classical PI controller was devised with the buck/boost converter and feedback of the control strategy to 

preserve the velocity of SWDCM, as shown in Figure 5 [21]–[23]. The control law of this case is presented 

as (12): 

 

𝐷 =  𝐾1𝑒𝜔 + 𝑘2 ∫ 𝑒𝜔𝑑𝑡 (12) 

 

where 𝑒𝜔 =  𝜔𝑟𝑒𝑓 − 𝜔 represents the speed tracking error and [ 𝑘1 𝑘2] denotes the gain vector of the 

proposed PI controller. 

 

 

 
 

Figure 4. Block diagram of the proposed pole placement controller 
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Figure 5. Block diagram of the conventional PI controller 

 

 

On the basis of the system description provided in this section, the evaluated state-feedback gain 

vectors for boost and buck are 𝐾𝑏𝑜𝑜𝑠𝑡 = [𝑘1 𝑘2] = [0.0208 0.0005] 𝑎𝑛𝑑 𝐾𝑏𝑢𝑐𝑘 = [𝑘1 𝑘2] = [0.016 0.0017] 
respectively. Other controllers can be utilized, such as the normalized fuzzy logic controller which is 

presented in [24] and this controller can be optimized by using the enhanced particle swarm optimization 

algorithm presented in [25]. 

 

2.3.  Numerical simulation 

We performed a simulation to apply the recommended control design in practice. We examined the 

DC motor velocity control that utilizes PI and PP controllers. The recommended control designs were 

simulated and evaluated in the simulation setting of the buck and boost converters motivating SWDCM. 

Figures 6(a), 6(b) and 6(c) present the equivalent simulation blocks. 

 

 

 
(a) 

 

 
(b) 

 

  
(c) 

 

Figure 6. Block diagram of MATLAB®/Simulink® (a) buck convertor, (b) boost convertor, and  

(c) SWDCM 
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3. RESULTS AND DISCUSSION 

In this section, the results of the numerical simulation for the proposed PP technique and 

conventional PI controller supporting the types of DC/DC converters are presented in Figures 7 to 15. When 

a boost converter is utilized, the feedback controller presents a rise time (𝑡𝑟) that equals 7.2 s in comparison 

with the PI controller, which has 𝑡𝑟=18.9 s as shown in Figures 7 and 10. Furthermore, the steady-state error 

𝑒𝑠𝑠=0.2% at 𝐽=1 compared with 𝑒𝑠𝑠=2.84% at 𝐽=0.9 for the PI controller as shown in Figures 11 and 13. 

This progress in time characteristics was due to the use of multiple states in building the signal of 

the feedback control law. The only limitation of the proposed controller is the chattering that emerges from 

the field current (𝑖𝑓) of the PP controller as shown in Figure 9 in comparison with the field current (𝑖𝑓) of the 

PI controller as shown in Figure 12. However, the chattering decreased with the decrease in inertia 𝐽. 

Chattering in the field current (𝑖𝑓) related to the PP controller was observed in the armature current (𝑖𝑎) as 

well as shown in Figure 8 compared with that of the PI controller as shown in Figure 11. 

The improvement in time characteristics was observed with the utilization of the buck converter as 

shown in Table 2 and Figures 13 and 16 for PP and PI controllers, respectively). Chattering was absent from 

field and armature currents (𝑖𝑓) and (𝑖𝑎) as shown in Figures 13, 14, 17, and 18, indicating further progress in 

utilizing the proposed PP controller. 

 

 

 
 

Figure 7. Response of angular velocity (PP and boost converter) 

 

 

 
 

Figure 8. Response of armature current (PP and boost converter) 
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Figure 9. Response of field current (PP and boost converter) 

 

 

 
 

Figure 10. Response of angular velocity (PI and boost converter) 

 

 

 
 

Figure 11. Response of armature current (PI and boost converter) 
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Figure 12. Time response of field current (PI and boost converter) 

 

 

 
 

Figure 13. Response of angular velocity (PP and buck converter) 

 

 

 
 

Figure 14. Response of armature current (PP and buck converter) 
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Figure 15. Response of field current (PP and buck converter) 

 

 

 
 

Figure 16. Response of angular velocity (PI and buck converter) 

 

 

 
 

Figure 17. Response of rotor current (PI and buck converter) 
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Figure 18. Response of excitation current (PI and buck converter) 

 

 

Table 2. Time parameters of the two controllers 
Parameter/controller Pole placement Proportional integral 

𝑡𝑟 0.85 s 1.7 s 

𝑒𝑆𝑆 0.28% at 𝐽=0.9 1.33% at 𝐽=0.9 

 

 

4. CONCLUSION 

This study developed an improved structure for speed tracking control of nonlinear SWDCMs 

functioning with uncertainty. The proposed linear PP controller effectively improved the transient 

characteristics of motor angular velocity. DC/DC converter models were introduced in the design to drive the 

DC motor. The uncertainty in the inertia parameter of SWDCM was overcome by applying the proposed 

method. The simulation results demonstrated the effectiveness and application scope of the proposed 

technique.  
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