29TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION
DOI: 10.2507/29th.daaam.proceedings.110

APPLICATION OF OPTIMAL CONTROL
ALGORITHM FOR DC MOTOR
Fedor Mitin & Alexey Krivushov

This Publication has to be referred as: Mitin, F[edor] & Krivushov, A[lexey] (2018). Application of Optimal Control
Algorithm for DC Motor, Proceedings of the 29th DAAAM International Symposium, pp.0762-0766, B. Katalinic
(Ed.), Published by DAAAM International, ISBN 978-3-902734-20-4, ISSN 1726-9679, Vienna, Austria
DOI: 10.2507/29th.daaam.proceedings.110

Abstract
This article considers the control of a DC motor as one of the most used in various mechanisms and machines, in
particular in the space industry. With the modern development of computer technology, the use of regulators in which
control algorithms are realized using the theory of optimal control becomes more relevant and justified. The
effectiveness of the application of these algorithms has been studied by comparing them with the control based on PID
control. The task of synthesis of control is solved at minimization of power consumption of the DC motor. The results
show that the proposed optimal regulation makes it possible to achieve a better result among the methods considered.
Keywords: DC motor; optimal control; energy costs; PID controller; predictive model

1. Introduction
Electric motors are one of the most common electrical products. In view of its purpose (the transfer of electrical
energy into mechanical energy), this type of engine has found its application in many fields of technology [1] and [2].
This is due to the wide range and smoothness of the motor speed control.
Despite the fact that the electric machine is well known and there are detailed mathematical models describing the
processes that take place during its operation, control, in particular an electric motor with a direct current is an actual
problem [3], [4], [5], [6], [7], [8], [9], [10], [11], [12] and [13]. The fact is that, depending on the specific task, the
control algorithms will also differ.
Consider using a DC motor for the problem of tuning radio reflective network of a large-sized space-based reflector.
Currently, research is being actively carried out to develop these structures [14], [15], [16], [17], [18] and [19].
Advantage of such structures is small dimensions during transportation, simultaneously with large volumes after
deployment. This property leads to the fact that the radio reflective network can not be performed as a rigid structure,
therefore, it is very actual to set the active surface [16] and [17]. After the deployment of the actual reflector, shape is
not always the same as desired. This problem leads to the solution of several tasks: translation of reflective network
from the actual position to the specified; the maintenance of the desired shape. Since the energy reserve is limited on the
space-based reflector, the question of minimizing energy costs for the tasks is very important.
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Figure 1 shows the spoke 1, the two main cords of the rear 3 and frontal 2 nets and the cable 4 going between them.
From the right end of the spoke 1 is divided into two parts to define the required shape of the reflective surface. In each
cable 4 there is an actuator 5 for which a DC motor has been adopted in this task.

Fig. 1. Scheme of a spoke of a space-based reflector
It is necessary, by adjusting the length of the cable 4 with the help of actuators 5, to set the shape of the reflective
network defined by the front net 2 with minimizing energy costs. Let's assume that the task of controlling each actuator
is separate. Before solving the control problem, it is necessary to determine the mathematical model of the object.
2. Mathematical model of the DC motor
Consider the mathematical model of the DC motor, given in [20]. The motor torque 𝑀 proportional to the armature
current 𝐼𝑎 , consumed by the motor from the power source, is calculated as:
𝑀 = 𝑘𝑚 ∙ 𝐼𝑎 ,

(1)

where 𝑘𝑚 is coefficient of proportionality, called motor torque constant. The total EMF (electromotive force) of the
armature coils 𝐸 through the collector and brushes is applied to the outer terminals of the motor. In the driving mode of
operation, this EMF is directed against the DC source voltage 𝑈𝑎 , supplied to the armature from the power source.
Therefore, the motor EMF is often called the back-EMF. It is directly proportional to the angular velocity of rotation of
the motor shaft 𝜔𝑀
𝐸 = 𝑘𝑒 ∙ 𝜔𝑀 ,

(2)

where 𝑘𝑒 is coefficient of proportionality, called back EMF constant. The system of differential equations of the DC
motor is compiled on the basis of the laws of physics. The first equation of a system of differential equations describing
the motor characterizes the processes in the electrical part of the engine, and is written as [20]
𝑈𝑎 − 𝐸 = 𝑅𝑎 ∙ 𝐼𝑎 + 𝐿𝑎 ∙

𝑑𝐼𝑎
𝑑𝑡

,

(3)

where 𝑅𝑎 is armature resistance, 𝐿𝑎 is armature inductance. The term 𝑅𝑎 𝐼𝑎 in (3) characterizes the voltage drop on the
𝑑𝐼
active resistance, 𝐿𝑎 𝑎 represent the presence of the self-induced EMF that occurs in the winding when the armature
𝑑𝑡
current changes. Note that (3) does not take into account the voltage drop on the DC motor brushes, which depends
nonlinearly on the armature current. The voltage drop on the motor brushes is relatively small compared to the voltage
𝑈𝑎 .
The second differential equation of the system describing the DC motor characterizes the processes in the
mechanical part of the motor
𝐽∙

𝑑𝜔𝑀
𝑑𝑡

= 𝑀 − 𝑀𝑓 ,

(4)

Where 𝐽 is moment of inertia, 𝑀𝑓 is motor friction in general, acting relative to the axis of rotation of the motor shaft. A
point above the corresponding variable will denote the time derivative. The system of equations describing the DC
motor taking into account the assumptions made, will take the form [20]
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𝐼𝑎̇ =

𝑈𝑎 −𝑅𝑎 ∙𝐼𝑎 +𝑘𝑒 ∙𝜔𝑀

𝜔̇ 𝑀 =

𝐿𝑎
𝑘𝑚 ∙𝐼𝑎 −𝑀𝑓
𝐽

,

(5)

,

(6)

𝜑̇ 𝑀 = 𝜔𝑀 ,

(7)

where 𝜑𝑀 is angle of rotation of the motor shaft. The control task is to bring the DC motor shaft from the initial position
𝜑𝑀 0 = 0 degree, 𝜔𝑀 0 = 0 degree/second, 𝐼𝑎 0 = 0 А to the specified final state 𝜑𝑀 𝑓 = 180 degree, 𝜔𝑀 𝑓 = 0
degree/second, 𝐼𝑎 𝑓 = 0 А with a control limit, for which an DC source voltage is accepted, 𝑈𝑎 = ±6 V. This rotation
angle 𝜑𝑀 will ensure the change of the length of the cable.
3. Modeling
One of the important problems in space control is the problem of energy efficiency, as the energy supply on the
reflector is limited and it is necessary to perform the task, minimizing energy costs. To select the control, we will
compare the use of different PID controller structure and the optimal controller.
In the simulation to determine the parameters of a DC motor, we take as the object of study the motor CH1, which is
an analogue of the motor mabuchi FA-130. When modeling the system (5)-(7) with the use of different PID controller
structures, it was possible to achieve the necessary parameters of system regulation with the use of all three components
of the PID controller (figure 2). In this case, the measurement was available angle 𝜑𝑀 . The transient time was t ≈ 0,75
seconds. Adjustment of the regulator coefficients is carried out by tuning in the PID Controller block in Simulink.

а)

b)

Fig. 2. Transient processes with PID controller: a) the graphs of 𝜑𝑀 (𝑡) and 𝜔𝑀 (𝑡); b) the graphs of 𝐼𝑎 (𝑡) and 𝑈𝑎 (𝑡)
Similarly, the problem of controlling a DC motor using an optimal regulator is solved [21] and [22]. When
optimizing the transfer of the system from one position to another with a fixed initial and final state, we choose the
criterion of Bolza with the integro-terminal criterion:
𝑡

𝐼 = 𝑉𝑓 (𝐼𝑎 , 𝜔𝑀 , 𝜑𝑀 , 𝑡𝑓 ) + ∫𝑡 𝑓 𝑓0 (𝑈𝑎 , 𝑡) 𝑑𝑡.

(8)

0

𝑈

2

Assuming that 𝑉𝑓 = 0,5𝜌1 [𝐼𝑎 (𝑡𝑓 ) − 𝐼𝑎 𝑓 ] + 0,5𝜌2 [𝜔𝑀 (𝑡𝑓 ) − 𝜔𝑀 𝑓 ] + 0,5𝜌3 [𝜑𝑀 (𝑡𝑓 ) − 𝜑𝑀 𝑓 ], 𝑓0 = 0,5 ( 𝑎) ,
𝑍
where 𝑡0 is start time, 𝑡𝑓 is final time, 𝑍 is the impedance of the armature winding. Since the task of minimizing energy
costs was set, the expression for the consumed DC source voltage 𝑈𝑎 was taken as the function 𝑓0 for the entire
modeling interval. The Hamiltonian of the system (5)-(7) has the form
𝐻 = 𝑃𝜑𝑀 𝜔𝑀 + 𝑃𝜔𝑀

𝑘𝑚 ∙𝐼𝑎 −𝑀𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙
𝐽

+ 𝑃𝐼𝑎

𝑈𝑎 −𝑅𝑎 ∙𝐼𝑎 +𝑘𝑒 ∙𝜔𝑀
𝐿𝑎

𝑈

2

+ 0,5 ( 𝑎) .

(9)

𝑍

The equations for conjugate variables are obtained by taking partial derivatives of equation (9) with a negative sign:
𝜕𝐻
𝑘
𝑅
𝑃𝐼̇ 𝑎 = −
= −𝑃𝜔𝑀 𝑚 + 𝑃𝐼𝑎 𝑎 ,
𝜕𝐼𝑎

𝐽

(10)

𝐿𝑎

- 0764 -

29TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION
𝑃𝜔̇ 𝑀 = −
𝑃𝜑̇ 𝑀 = −

𝜕𝐻

= −𝑃𝜑𝑀 − 𝑃𝐼𝑎

𝜕𝜔𝑀
𝜕𝐻

𝑘𝑒
𝐿𝑎

,

(11)

= 0.

𝜕𝜑𝑀

(12)

The control is found from condition

𝜕𝐻
𝜕𝑈𝑎

= 0 taking into account the limitation on the amount of control

6, when 𝑈𝑎 (𝑡) ≥ 6
𝑍

𝑈𝑎 = [−𝑃𝐼𝑎 𝐿 , when − 6 < 𝑈𝑎 (𝑡) < 6.

(13)

𝑎

−6, when 𝑈𝑎 (𝑡) ≤ −6
The problem of optimal control is proposed to be solved using an algorithm with a predictive model [21] and [22].
The control algorithm with the predictive model uses a sequence of control variables to optimize the future behavior of
the control object. Optimal control is determined by predicting the free movement of a controlled object with a fixed
control at time intervals. The output signal of the object is predicted with the help of a pre-constructed mathematical
model of this process, which is the most important element of the system, since the control characteristics are directly
dependent on it. The algorithm of the predictive model is described in detail in [22]. The simulation results are shown in
figure 3.

а)

b)

Fig. 3. Transient processes with optimal control: a) the graphs of 𝜑𝑀 (𝑡) and 𝜔𝑀 (𝑡); b) the graphs of 𝐼𝑎 (𝑡) and 𝑈𝑎 (𝑡)
From the received characteristics it is visible, that the found control allows to reach final values on a angle, angular
velocity, and also to armature current DC motor. There was no oscillatory process in the system. The transient time was
t ≈ 0,5 seconds. At the same time, it was possible to reduce energy costs for a given control problem, as can be seen
from comparing the graphs 𝐼𝑎 (𝑡) and 𝑈𝑎 (𝑡) in figures 2b) and 3b). Comparison of simulation results for different initial
and final values for the PID controller and the optimal controller showed the advantage of using the optimal control
algorithm.
4. Conclusion
The use of an optimal controller allows to reduce the time of the transition process in comparison with the PID
controller, as well as to reduce energy costs. Thus, using the algorithm of the optimum control to customize the shape of
space-based reflector due to regulation of a DC motor will allow you to optimize this process and, as a consequence, to
maintain the desired shape network with the required accuracy.
It should be noted that the use of PID controller leads to the task of synthesis of control, that is, finding the law of
control as a function of the current state of the object. Application of optimal control based on the algorithm with
predictive model allows to solve the problem of both synthesis and control programming. That is, finding the control
program, which is a dependence of the control action on time. This solution will further minimize energy costs. The
results of this research can be used to calculate the energy costs, the choice of the actuator and the power plant on a
space-based reflector. In the future, it is proposed to investigate the use of optimal control algorithms for a refined
mathematical model of a DC motor. Including a model of the gearbox and a device that converts the angle of rotation of
the motor shaft in changing the length of the cable. It is also planned to consider the problem of simultaneous control of
multiple actuators for setting and maintaining a predetermined shape of space-based reflector.
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