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Abstract: In this paper identification and speed control of Permanent Magnet DC Motor is presented.
A combination of output error identification technique and method of time moments is used for
identification and speed control. The time constraint is expressed using equality between the time
moments of the closed loop system and that of a reference model. The reference model is developed
from the classical time, frequency and complex domain specifications which guarantee both stability
and performance in a model matching framework. Both the simulation and experimental validation
show the usefulness of the proposed work. Copyright © 2010 IFSA.

Keywords: PMDC motor, Time moments, Output error identification technique.

1. Introduction

This paper proposes a scheme for identification and speed control of permanent magnet DC motor, in
which output error estimation technique [1] is used to identify the parameters of the PMDC motor.
Subsequently, the method of time moment [2] is used for speed control. Many techniques have been
proposed for the parameters estimation and speed control of DC motors. Time moment, which is a
traditional tool extensively used in reduced order modeling literature, has been successfully used by
many authors in parameter identification and control system design. Partial time moments is used in
[3] for parameter identification, in which identification calculations were achieved on sets of sampled
measurements that provide values of the physical parameters based on signal representative of the
process behavior. Parameter identification utilizing the concept of sensitivity points was used in [4], in
which steepest descent estimation method was used. The efficacy of any identification experiment
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relies on how accurately the identified model is close to the actual one, an accurate model of an actual
geared PMDC motor and the difference in the respective results between the ideal theoretical equation
and model with an enhanced equation to an actual measurement was presented in [5]. In [6], a method
of poles position identification of axial flux permanent magnet machine for starting the permanent
magnet motor in the demanded direction was presented. A high performance autotuned speed control
loop for a permanent magnet motor is studied [7], in which optimal degree and tuning of the RST
digital controller and the identification conditions were analyzed. A cost effective speed control
method based on RLS algorithm in a model reference adaptive framework was proposed in [8], in
which the speed regulator was designed on feedback of armature voltage and current of PMDC motor.

The fundamental requirement for a closed loop system is to ensure guaranteed stability and
performance and to verify time performances which can be characterized by the settling time and the
damping ratio of the step response and to reject some particular disturbances[9, 10]. This can be
achieved after framing a reference model which embodies time, frequency and complex domain
specifications of the overall control system with the augmented controller. The reference model is thus

chosen to be in the form M(s) = ;)2 [11, 12]. The closed loop control system is shown below in

(1+sT
Fig. 1:

Fig. 1. Closed loop system.

Where C(s) represents the controller and G(s) represents the motor. The controller has to be
determined in order that the closed loop transfer function T(s) approximates its reference model that is

ideally expressed by the equality:

T(s) = (1+ G(s)C(s)) ™ G(s)C(s) = M4 (3) (1)
This corresponds to
G(8)C(s)(1 = g () =M (s) (2)
Using state model of C(s)
G(S)(C,(sI - A,) "B, + D)1 = M, (5)) = M ¢ (s) 3)

The time characteristics of the reference model are described by time moments [13-15]. This technique
can be applied to a large variety of systems such as electrical motors. Thus, this application is
dedicated to the design of PI controller in order to control a PMDC motor. The synthesis of PI
controllers is not a specific problem. It can be considered as a particular case of a wider problem, i.e.
the synthesis of fixed structure controllers. The fixed structure controller is directly designed. The
stability and performances of a closed loop are necessary requirements for the choice of the design
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technique. The PMDC motor parameters are estimated using Output Error Identification technique.
The parameters of the output error model structure are estimated using prediction error [16] where the
data object is a set of input-output data.

The paper is organized as follows: in section 2, a brief introduction of PMDC motor is presented. In
section 3, a brief account of time moment is discussed with particular reference in identification and
controller design. In section 4, estimation and control of the proposed PMDC motor using time
moments is presented. In section 5, controller implementation is proposed. Finally, in section 6,
validity of the proposed scheme is discussed.

2. PMDC Motor Model

Fig. 2 represents a PMDC Motor. As the field excitation is constant, the armature controller depends
on armature voltage only. This scheme shows an electrical part which represents an armature and a
mechanical part represented by T and J.

Fig. 2. PMDC motor.

Where: I is the armature current ( A), U is the armature voltage (V ), R is the armature resistance (2 ),
L is the armature inductance (H ), K is Torque and back electromagnetic constant (Nm.A™"), Q is the

rotor angular speed (rad.sec™'), T, is the electromagnetic torque (N.m), T is the total load torque
(N.m) and J is the rotor inertia ( Kg.m?*).

The electrical and mechanical equations describing this system can be written as follows [17, 18] with
the following assumptions that include losses torque in load torque and by neglecting viscous friction
constant:

U=RI+LI+E (4)

I1Q=T,-T, (5)

with E=KQ (6)
T, =KI (7)

The control input is armature voltage U; the total load T is the disturbing input. The two state
variables are armature current I and angular speed €. Then the previous equations lead to the state
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space model of DC motor:

L] 1 0
- 8
H Ko Lz o LT ®
J J

We are interested by the angular speed in order to perform a speed regulator. So Q is considered as the
output of the system and U is the input. Considering only these two system variables, the transfer
function of the DC motor is:

(s)= Q) 1 1
U(s) K(1+EJ25+:23252) )
The two time constants are defined as:
L . )
T, = R electrical time constant (10)
RJ . .
Ton =— - €lectromechanical time constant (11)
So, s) 1 1
H(S)zUQ( ):R 3 (12)
() K(I+7,8+7,7S")
This transfer function corresponds to the following state model:
: 0 1
Q
Xgs {Q} A,=|__1 _1 (13)
Temz-e z-e
B, = O\ C.= ! 0;D,. =0 14
sys 1 > Msys T KTemTe > Msys T ( )

3. Time Moments
3.1. Definition of Moments

Consider a Linear Time Invariant system whose transfer function L(s) is analytic in the right half
complex plane, and characterized by its impulse responsel(t), such as:

L(s) = Tl(t)e‘“dt (15)
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Expanding € in Taylor series about s =0 yields:

L(s)= j i(—n(s)” %I(t)dt (16)
LS =Y (D" (O"M,, (17)

where nt"
M,, = [ ()t (18)

’ on!

M, ,is the n" order time moment of 1(t)

= The 0" order time moment M, , represents the area of the impulse response. It is also equal to the

static gain of the transfer function.
* The 1¥order time moment M represents mean time of the impulse response. It also characterizes

the response time of the system.
= The 2" order time moment M, , characterizes the dispersion of the impulse response around its

mean time.

The first three time moments M, ;,M, and M, , are sufficient to describe the time characteristics of a

l,0°

system.

3.2. Moments and State Space Control

Consider a system L(S) whose state model is:
L(s)=C,(sl -A) "B, +D;, (19)

where the matrices A, B,,C,and D, are known and are of appropriate dimension. Expanding L(S) in
Taylor series abouts =0, we get

L(s)=-C, (i (9)"(A) "B, +(-C,(A) B, + D)) (20)

Identification of each term yields:
M, =-C/(A)"'B +D (21)

M, =(=D"C/(A) ™B;n=1 ... (22)
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4. Estimation and Control using Time Moments

4.1. Algorithm for Estimation and Control

The algorithmic flow chart shown below in Fig. 3. shows the steps used for identification and control

of the PMDC motor:

Initialize variables for different parameters of the
PMDC Motor and PI controller

v

Develop the transfer function for the motor using output
error identification technique

v

Identify the parameters of motor

v

Identify the parameters of PI controller using time
moments method

v

Develop the transfer function for the PI controller

v

Find out the simulated closed loop response using a step
input

v

Test the closed loop step response to that of its reference
model

v

Compare the theoretical results with that of the
experimental results

Fig. 3. Algorithmic flowchart.

A 12 'V PMDC motor is used. Firstly, a set readings showing input voltage of the motor versus output
speed were taken. Fig. 4 below shows the same.

QUTPUT SPEED

IIP VOLTAGE vs O/P SPEED

1600 y = 125%
1400

1200 -~
1000 e

200 / —+— Series’
600 / —Linear (Seriesl)

4
200 ~

INPUT YOLTAGE
Fig. 4. Input voltage vs. output speed relationship.
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Thus, its transfer function is identified using Output Error Identification technique through MATLAB
program. The transfer function of the motor was found out to be

0.02057
H(s) = — (23)
S$° 4+ 0.6206 s + 0.6092
The three parameters of the motor were thus identified as
K=296l; r,=102; r,=1.61 (24)
And the corresponding state model of the motor was:
A, = 0 e oY =[0.02 0] 25
061 —0.62] 7 Y {1 (25)
The reference model is chosen to be a second order system with unity gain given by the transfer
function T, (S) !
unction =—.
e 45 +4s+1

The chosen controller is of PI type. As the total number of moments (N+1) used in the quadratic
criterion has to be at least equal to the number of controller parameters, the number of time moments
used in time criterion is given below (Table 1):

Table.1. Choice of number of moments for usual controllers.

Controller (N+1)
PI 2
PID 3

The simulated output in MATLAB is presented as below in Fig. 5:

1.4 T T T T T
| =-Desired Rasponse
=== Simulated Response

O LSRR Y o A—— .............. .............. ............. i
i .............. .............. .............. .............. ............. J
(I [ e [ .............. .............. .............. ............. _

02k f v .............. .............. .............. .............. ..............

] 5 10 15 20 25 30

Fig. 5. Closed loop response for PI controller (theoretical).
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Subsequently, the transfer function in case of a PI controller

K(s) = 0.13855 + 204 (26)
S

5. Controller Implementation
The theoretical analysis was confirmed with the help of a practical circuit [19], [20] where a PI

controller is implemented for the DC motor. The block diagram for the circuit implementation is
shown below in Fig. 6.

Input-12V Set Point
Qutput-5v (010 5V)
Motor Model l
5% 10.62065+0.6092* Generator [ Error Detector
Driver | Unity Gain | Pl
Circuit | Buffer M Controller

Fig. 6. Block diagram of the closed loop circuit.

The detailed circuit diagram as shown in Fig. 7 is as follows:

T 12y
5K 100uF
) 0.65K
1K
0t 5 Y ——vvvi—
4,7k 10741 P "“"“‘“’[.
10741
4,7k
| MPN
= 1 DRIVER
CIRCUIT
ERROR DETECTOR FI COMTROLLER INVERTER BUFFER
CIRCUIT CIRCUIT CIRCUIT CIRCUIT

FMDC MOTOR, COUPLED WITH
TACHOGENERATOR

Fig. 7. Detailed circuit.

R,, R, and C were chosen as per the PI controller transfer function obtained theoretically.

Thus,
R, =650 R, =5KQ C=100uF
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The PI controller output was taken from CRO. The controller output was thus found out to be as in

il

SQUARE WAVE INPUT TO PI CONTROLLER

MANS

CONTROLLER QUTPUT

Fig. 8. Response of PI controller using CRO.

It is very well found from the figure that if a square wave input is given to the controller the output
generated is a triangular wave. Thus, we can conclude that the controller is of PI type.

Varying the set point value of the Error Detector from 0V to 5V, a set of input voltage versus output
speed readings for the practical circuit were taken. Simultaneously the transfer function of the motor
was calculated to be

0.0215
H(s)=— 27)
$” 4+ 0.7308 s + 0.5675
The simulated output is presented as below in Fig. 9:
14 : : : . :
: : ; -Desired Response
1al = ==- Simulated Response |
T N .
g e :
¥ 3 ; ; :
= PP o s e e s o
A N
] I ] ........... ........... ............ .......... .......... 4
/B : : :
04F-- }, ........... Lo S .......... 2
- | : i : f
02k f J . e ........... R R Srevenu
i 7 3 : . ;
4 f
DD ] 1ID 15 2ID 28 30
Fig. 9. Closed loop response for PI controller (practical setup).
Subsequently, the transfer function of the controller was found out to be
6.5988
K(s)=0.18988 + (28)
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6. Validation of Results

The experimental results were compared with that of the theoretical results in order to validate the
performances of the PMDC motor. The table below shows a comparative study of the present work.

Table 2. Validation of results.

Theoretical Results

Experimental Results

Transfer Function of the

0.02057

0.0215

s? +0.6206 s + 0.6092

s? +0.7308 s + 0.5675

Motor
Transfer Function of the 0.13855 + 7.404 0.18088 + 6.5988
Controller S s
K, 0.13855 0.18988
K, 53.44 34.75
DC gain 0.03376 0.03788

Thus, we can confirm that the theoretical as well as experimental results were approximately same for
both the cases.

7. Conclusion

This paper describes a new design procedure to synthesize a PI controller satisfying time requirements,
specified by a reference model. First of all, the motor model is identified using Output Error
Identification technique and method of time moments is used for design of PI controller. The
parameters of the controller were found out by matching the time moments of the reference model and
that of the closed loop plant model with augmented PI Controller. The simulation results were
subsequently verified with developing an experimental setup in the laboratory. Both the simulated and
experimental results were very close to each other demonstrating the efficacy of the identification and
control scheme presented for parameter estimation and speed control of PMDC motor. The estimation
scheme for parameters identification was implemented from a batch of input-output measurement data
and the controller design method was an offline procedure, therefore an on-line counterpart can be
reformulated in future work.
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