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Armature Current Control of DC Motor using Generic Model Control
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Abstract: DC motor speed can be indirectly controlled by controlling armature current. This paper
describes the design of Generic Model Control (GMC) algorithm that is based on the mathematical model 
of the Direct Current (DC) motor. The main objective of this paper illustrates how the armature current of 
the DC motor and also the speed of DC motor can be controlled using GMC. For the armature control 
mode, the field current is held constant and an adjustable voltage is applied to the armature as a 
manipulated variable. Computer simulations were performed using (GMC) algorithm for the armature
current speed control of DC motor. The performances of (GMC) are demonstrated using [Matlab-Simulink]
software under various operating conditions.
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INTRODUCTION

DC motors are the important machine in many control systems such as domestic electrical systems, vehicles, 
trains and process control [1]. It is well known that the mathematical model is very crucial for a control system 
design [2]. For a DC motor, there are many models to represent the machine behavior with a good accuracy. 
However, the parameters of the model are also important because the mathematical model cannot provide a correct 
behavior without correct parameters in the model [3, 4]. The general characteristics, analysis, dynamic equations, 
parameters identifications, control of DC motor are given in many papers [5, 6]. In this paper study the design of 
Generic Model controller and their application to an industrial DC motor at steps included Structure, characteristic 
and the mathematical model and simulation of stability response for speed control of DC motor. The design and 
simulation studies of the control system using GMC to demonstrate the basic theoretical feasibility of the system; to 
achieve better response and less overshoot.

Generic model control strategy: GMC is an advanced model-based control strategy which uses linear/nonlinear 
models of a system to compute the control action. Since the GMC can directly use nonlinear models of a process to 
determine a control action, the nonlinear models do not need linearization. Generally the GMC controller design is 
based on the following nonlinear state space equations [7].

(1)

(2)

where ƒ(x) and g(x) are vector fields, i.e. they are vector valued functions of a vector and h(x) is a scalar field, i.e. a 
scalar valued function of a vector, x. Generic Model Control uses a model of the process in formulating the control 
law. However, rather than adopting a classical approach of comparing the trajectory of the process output against a 
desired trajectory, GMC defines the performance objective in terms of the time derivatives of the process output, i.e. 
minimizing the difference between the desired derivative of the process output and the actual derivative. Good 
control performance will be given by choosing the following desired trajectory.

(3)
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where a1 and a2 are design constants and w is the set point. In order to design a controller so that the system follows 
the trajectory defined by the above equation as closely as possible, the following performance index is specified:

(4)

That minimizes the integral of error squared over a specified time horizon. In order to obtain y from equation
(1) the chain rule must be used,

(5)
Where

Therefore;

and

(6)

Using equation (6) the performance index, equation (4), is minimized when e = 0, i.e.

(7)

Generic model control design for DC motor: The dynamic equations of the DC motor can be described by a 
transfer function or by the following state space equations [8, 9]:

(8a)

(8b)

where ia is the armature current and ωm the motor angular speed in rad/s; Va is the voltage applied to armature 
circuit, TL is the load torque; J is the the combined moment of the inertia of the load and the rotor; B is the 
equivalent viscous friction constant of the load and the motor and K is the torque and back EMF constant depending 
on the construction of the motor. The control objective is to regulate motor speed using the voltage input Va. These 
dynamic equations of the DC motor are evidently highly non-linear due to the inter-relationships of the states 
variables.

The differential equations can be rearranged into the generic vector representation of the process with the 
following vector and scalar fields:
State vector:

(9)
Vector fields:

(10)
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(10a)

(10b)
g vector fields:

(11)

The h scalar field describing the output function is simply the state itself, 

(12)
With  therefore

(13)
thus

(14)

(15)

(16)

In other words, the GMC controller is given by:

(17)

And solving for the manipulated variable (Va), yields,

(18)

(19)

(20)

Numerical example: In order to examine the effectiveness of the developed control strategies, simulation studies 
were conducted using the model described above for the behavior of the DC motor. The DC motor parameters 
considered in the simulation are [10]:

.

The DC motor model and GMC control structure is expressed using MATLAB-SIMULINK program. Two 
examples are presented to evaluate effectiveness of the proposed control strategies. Ziegler-Nichols closed loop 
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Fig. 1: Block diagram of DC motor and GMC control system

Fig. 2: Dynamic responses of armature voltage, motor speed and motor torque with GMC controller (load1: solid 
line; load2: dashed line; without load: dashed-dotted line)
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Fig. 3: Dynamic responses of armature voltage, motor speed and motor torque with GMC controller (gradual 
increasing of load)
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method based on ultimate gain and ultimate period is used to calculate the controller parameters. The parameters 
values  of   the   GMC  controller  are a 1 = 4.5 and a2 = 0.5. The control structure in Matlab/Simulink is illustrated 
in Fig. 1.

Analysis of DC motor without load and with load: In the state-space model of DC motor, given above, the load 
torque is taken as TL = 0.0 (without load), TL = 50 Nm (load1) and TL = 100 Nm (load2); in the same time the set 
point value of armature current of DC motor is setting as ia = 3.4A (without load), ia = 65.5A (load1) and ia = 127.4A 
(load2). The dynamic responses of armature voltage, motor speed and motor torque with GMC controller are shown 
in Fig. 2.

Analysis of DC motor for gradual increasing of load: In the state-space model of DC motor, the load torque is 
increased gradually as TL = 0.0 (without load), TL = 50 Nm (load1) and TL = 100 Nm (load2); in the same time the 
set point value of armature current of DC motor is increased also gradually as ia = 3.4A (without load), ia = 65.5A 
(load1) and ia = 127.4A (load2). The dynamic responses of armature voltage, motor speed and motor torque with 
GMC controller are shown in Fig. 3.

CONCLUSION

The GMC controllers are designed and implemented to track the armature current set point “motor speed 
control” with load and without load. The simulation results show that the GMC controller has excellent 
performance. From the simulation results, the GMC has a better performance in transient and steady state response. 
Also GMC has shorter response time, very small overshoot, no steady state error.
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