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Tachogenerator DC Motor Speed Control with PID and Fuzzy Logic
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1. Introduction

DC motors can be fed directly from the DC power supply. As these motors are very simple and
compatible with steady control methods, they are used in many applications such as manufacturing
devices and industrial robots. Another advantage of them is their high efficiency and high starting
torque in any sudden increase of load [1]. However, some disadvantages of these motors include
necessary periodical maintenance, mechanical abrasion of outputs in a short time, acoustic noise,
sparking, deficiencies in areas such as the impact of brush on efficiency. These problems were
eliminated with the production of brushless DC motors [2]. DC motors are also preferred due to their
advantages such as noiseless operation, no requirement for maintenance, fast dynamic response, good
torque characteristic and efficient operation [3]

In a study performed by Kocaoglu S. and Kus¢u H., they aimed to determine the required PID
parameters for speed and position controls of a DC motor by using a PIC series microcontroller.
Firstly, they attained and examined the motor parameters and observed the results with an experiment.
As a result, the motor was controlled in the desired reference values against the PID parameters
entered and the system became usable as an experiment set [4].
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Bulut M., Kurt B. and Demirtas M. designed a proportional-integral (PI) type fuzzy controller to
perform the speed control of a direct-current motor. It was understood from the results that the
performance of a controller designed automatically via genetic algorithms was better compared to
human knowledge-based controllers [5].

Akyazi, O., Zenk H. and Akpinar A.S. studied the effects of various membership functions (triangular,
trapezoidal, gaussian, cauchy, bell-shaped) used in fuzzy logic control in a study conducted on a
permanent-magnet direct current motor. According to their results, the most number of errors were
seen in bell-shaped membership function, best results were observed in triangular and trapezoidal
membership functions and others yielded average results [6].

Koése F., Kaplan K. and Ertung M. performed the speed control of a permanent-magnet DC motor with
PID and fuzzy logic by using STM32F407 Discovery development kit and examined the differences.
Results showed that both systems produced similar steady state errors, however, fuzzy logic
controllers were observed to have higher overshoot, shorter rise time and later sitting time [7].

Huang G. and Lee S., DC designed a LabVIEW based PID controller for speed control of the motor
and used VisSim's software simulation for response analysis. Firstly, they designed the motor driver
circuit and then used photosensor and 8051 module for feedback information. They concluded that the
simulation results were very compatible with the theoretical predictions [8].

Atef Saleh Othman Al-Mashakbeh developed the mathematical model of a brushless DC motor and
simulated it by using Matlab/Simulink software package. He used Ziegler-Nichols method and PID
control for speed control of the motor. According to his results, 71% overshoot was seen prior to
adding PI control; however, after adding PI control, this overshoot disappeared and motor reached the
reference value successfully [9].

In this study, closed loop speed control of direct-current motor was performed with PID and fuzzy
logic controllers and experimental results were compared in terms of performance criteria such as
overshoot, rise time, sitting time and steady state error.

2. Control System

2.1 PID Control

PID controllers are composed of three basic controls and the control signal u(t) is calculated as:

u(t) = Kp.e(t) +Ki. [, e(t).d(t) + Kd.~.e(t) (1)
This controller generally has an effect on both transient and steady state control criteria. It is
understood from the equation that, when Ki coefficient is zero the controller can be used as PD

controller, and when Kd coefficient is zero it can be used as PI controller [10].

2.2 Fuzzy Logic Control

Fuzzy system processes the precise inputs used in non-fuzzy real systems in the basic unit shown in
Figure 1 and consequently produces an output that can be used in non-fuzzy real applications.
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Figure 1. Structure of fuzzy system
Fuzzification Unit:

It converts the precise values of fuzzy system inputs into fuzzy values with the help of membership
function.

Rule Base:

Based on the knowledge of professionals specialized on the system, rule base is composed of IF and
THEN rules that determine what kind of output should be produced against the incoming inputs.

Inference Unit:

Inference mechanism obtains a new fuzzy set by using the outputs of fuzzification unit -that is, the
membership degrees of inputs- and the rule base.

Defuzzification Unit:

It converts the fuzzy output set obtained from inference unit into non-fuzzy real values to be used in
application [11].

3. Architectural Components of the System
3.1 DC motor

The motor used in the system is a brushed DC motor with 12V nominal voltage, 4090 rev/min no-load
revolutions and 4W power [12]. For feedback information, two motors with the same properties were
connected to each other from their shafts and used as a tachogenerator. When motors are operated at
maximum 12 volts, approximately 11. 6 volts is generated from tachogenerator output ends.

3.2 Motor driver, power supply and microcontroller

Due to one-way speed control of the motor, driving process was performed with one MOSFET. Since
the microcontroller used had low output voltage, two transistors were used for the control of
MOSFET.
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Figure 2. DC motor driver

Power supply given in Figure 3 was built for feeding the motor, microcontroller and driver. This
power supply can provide +-12V, 9V ve +5V DC.
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Figure 3. Power supply

4. Control of Tachogenerator DC Motor

4.1 Effect of PID controller on DC motor control

Motor voltage was increased linearly from 1 V with 1 V increments, the number of revolutions was
measured for each value and entered into Matlab program, and a quadratic equation providing the
information of voltage versus revolutions-per-minute was developed with curve-fitting method.

Voltage information attained from tachogenerator was used in this equation via microcontroller and
instantaneous revolutions data was calculated.

Microcontroller

Reference inputi+ e(t) PID P\:EIL > Motor —’( Motor ’='Tachogenerator
controller o driver

A

Saturation

Feedback |«
L |

Figure 4. PID control block diagram

As shown in the block diagram in Figure 4, the difference of reference value entered and feedback
value attained from tachogenerator was taken and processed through PID algorithm and saturation. A
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PWM value was sent to the motor driver as output information. Revolutions data was taken from the
Arduino serial port and plotted in Matlab.
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Figure 5. Uncontrolled revolutions-time graph of DC motor

When the motor is operated without implementing any control method, steady state is reached within
5 seconds as shown in Figure 5. In this study, proportional and proportional + integral controller types
were applied and the effects of various parameter values on system reaction were studied.

Proportional Control (P):

The speed control performance when proportional coefficient was selected as Kp=10 and motor
reference value was adjusted to 3000 rev/min is given in Figure 6.

Revolutions-time
.

3000 . - . - .
ri-gr el e T s g At ¥ T o

L]
&
3
T
I

2000

Output (revolutions) rev/min
g 8

5]
3
L

1] 05 1 1.5 2 25 3

Time (5)
Figure 6. Proportional control revolutions-time graph

As seen in Figure 6, when only proportional control was used, the system rapidly entered into steady
state within 194.4 ms but steady state error occurred. It failed to reach the desired reference value and
became steady at 2909 rev/min.
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Proportional+Integral Control (PI):

In order to eliminate the steady state error occurring in proportional control, integral control was
added to create Pl controller. Parameters were set as Kp:26, Ki:5 and Kd:0 reference value was
adjusted to 3000 rev/min.

Revolutions-time
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Figure 7. Proportional + Integral control revolutions-time graph

In the figure above showing the revolutions-time graph of the motor, it is seen that steady state is
reached within 140 ms without any errors.

4.2 Effect of fuzzy logic controller on DC motor control

Membership functions with two inputs and one output were generated for fuzzy logic control. While
error and change in error were taken as inputs, PWM signal was produced as output. A block diagram
of fuzzy logic controller is presented in Figure 8.

Microcontroller

Reference
input + elt
PWM Motor
'd_’ driver
e(t) Fuzzy logic "
Saturation
controller
Feedback |«

Figure 8. Block diagram of fuzzy logic

Error (e) and change in error (de) between the set value and the revolutions data taken from
tachogenerator were processed through functions, and membership degrees for the change in error
were calculated. After both error and change in error were transferred to the sub-function for inference
and defuzzification membership degrees and the output value was calculated, the result was processed
through integrator and saturation and PWM output was produced.

28



A. Top et. al. /Journal of Engineering and Tecnology 1 (2017) 23-31

NL NS Z PS PL

-4000 -2000 0 2000 4000

Figure 9. Input membership functions

As seen in Figure 9, 5 triangular membership functions were used for the input. These membership
functions were NL: negative large, NS: negative small, Z: zero, PS: pozitive small and PL: pozitive
large. Motor speed was adjusted as maximum 4000 revolutions. These functions are applicable to both
error and change in error.

NL NS NVS 4 PVS PS PL

-255 -170 -85 0 85 170 255
Figure 10. Output membership functions

As shown in Figure 10, 7 triangular membership functions were used for output membership
functions. These membership functions are NL: Negative large, NS: Negative small, NVS: Negative
very small, Z: Zero, PVS: Positive very small, PS: Positive small and PL: Positive large. Rule table
used in inference mechanism is as given in Table 1.

Table 1. Rule base

. del N INs| z | ps | pL
NL | NL | NL | NS [NVS| Z
NS | NL | NS |[NVS| Z |PVS

Z | NS [NVS| Z |PVS| PS
PS |NVS| Z |PVS| PS | PL
PL | z |PVS| PS | PL | PL

Fuzzy logic result obtained with weighted average method in defuzzification unit was transferred to

the motor driver as PWM value.
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Figure 11. Fuzzy logic controlled revolutions-time graph

When fuzzy logic control method was applied to the motor, it reached the reference value without
errors within a time as short as 99.1 ms.
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Figure 12. Revolutions-time graph for various revolutions in Fuzzy Logic control

The motor was observed to follow the references without any problems when reference revolutions
data of the motor was changed during operation. Reference values here are 500, 1000, 2000 and 3000
rev/min respectively.

5. Conclusion

The closed loop speed control of a direct current motor was performed with proportional + integral +
derivative and fuzzy logic controllers in this study. When proportional control was used for motor
control, no overshoot was observed but 91 rev/min steady state error occurred and steady state was
reached within 194.9 ms. When PI controller was used to eliminate this error, it reached the set value
within 140 ms with no overshoot and with almost no errors. Since there was no overshoot in the
motor, derivative control was not required. When fuzzy logic control was applied, it reached the set
value within 99.1 ms with no overshoot and with almost no errors in transient regime. Although steady
state was reached in both control methods without any overshoot, better results were achieved in terms
of rise time and sitting time in fuzzy logic control.
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