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ABSTRACT 

 
  
  
The aim of this Final year project is to show how Separately Excited DC (SEDC) motor can be 

controlled by using a PID controller in LabVIEW. This control will be interfaced with LabVIEW 

using an Arduino board. The speed of the BDCM will be set by creating a Graphic User Interface 

(GUI) for PID Controller in LabVIEW. 

The methodology during the project is divided into two parts which is software development and 

hardware implementation. The works in software development are calculation of SEDC motor 

transfer function, simulation to determine the parameter value of PID and developing the software 

controller. Ziegler-Nichols Closed-Loop Method is used to obtain the value for Kp and Ki. The last 

part is to interface the controller with the hardware. 
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1. Background  

SEDC motor have been widely use in high-performance electrical drives and servo system [1]. 

There are various differences SEDC motors in the market and all with it good and bad attributes. 

Such bad attribute is the lag of efficiency. In order to overcome this problem a Proportional–

Integral–Derivative (PID) controller is introduce to the system. PID controller is a generic control 

loop feedback mechanism widely used in industrial control systems [1]. A PID controller attempts 

to correct the error between a measured system variable and a desired set point by calculating and 

then outputting a corrective action that can adjust the systeme accordingly. So, by integrating the 

PID controller to the SEDC motor were able to correct the error made by the BDC motor and 

control the speed of the SEDC motor to the desired speed. 

2. Objective 

The objectives of this project are:  

i. To explorer and apply the knowledge gain in lectures into practical applications.  

ii. to derive mathematical model of SEDC motor and develop PID controller for the motor, 

iii. To control the speed of SEDC motor with PID controller interfaced with LabVIEW using 

an Arduino board.  

iv. Analysis the experimental result using the actual motor. 

3. Scope of Work 

The scope of this project is;  

i. Design, modeling and simulation of the PID controller with the SEDC motor 

ii. Implementation of the PID controller with and actual SEDC motor 

iii. The experimental results with the actual SEDC motor 

4. Problem Statement 

The problem encounter when dealing with SEDC motor is the lag of efficiency and losses. In order 

to eliminate this problem, PID controller is introduced for the SEDC motor. This is because PID 

controller helps get the output, where we want it in a short time, with minimal overshoot and little 

error. 

5. Thesis Organization 

This thesis is organized with the Overview of DC motors, including the equations that represent 

torque, rotor speed, field and armature currents and voltages, covered in Chapter II. 
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Design and Modeling of Buck Converter for drive system are detailed in Chapter III.  Test setup 

and results for each test is presented and performance is explained in detail.  

Identification and PID Controller of a 1st Order DC Motor Model is discussed in Chapter IV. 

Results of the testing and conclusions about the Speed Control of DC Motor performance are 

addressed in Chapter V.  Recommendations on future work are suggested for additional research 

regarding DC motor controlled. 

Date sheets for equipment used, LabView code, Graphical User Interface (GUI) are detailed in the 

Appendixes. 
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1. Introduction to DC Motors 

To understand how to control output speed of a DC motor, a review some of the basics of DC motor 

operations and theire types and construction was introduced in this section.  

The DC motor is a machine which converts electrical energy into mechanical energy. It uses 

magnetism produced by electric current flowing in the armature windings, to produce mechanical 

rotation. One side is a field circuit that is used to produce a field flux and the other side is an 

armature circuit that provides current to the rotor via brush and commutator.  The interaction of the 

field flux and armature current in the rotor produces speed. [4]. 

2. Construction  

A  DC motor consists of two main parts: 

ί)  Stationary part: it is designed mainly for producing a magnetic flux.  

ίί) Rotating part: it is called  the armature, where electrical energy is converted into mechanical 

energy.  

The stationary and the rotating parts are separated from each other by an air gap.  

 The stationary part of a D.C motor consists of main poles, designed to create the magnetic 

flux, commutating poles and designed to ensure sparkles operation of the brushes at the 

commutator (in very small machines with a lack of space commutating poles are not used), 

and a frame /yoke.  

 The armature is a cylindrical body rotating in the space between the poles and comprising a 

slotted armature core, a winding inserted in the armature core slots, a commutator, and 

brushes. 

 

Figure 1 DC motor constraction [15] 

 



 

3. Principle of operation   

A DC motor consists of a stator poles and a wound rotor. 

with brushes, which make contact with a commutator that is affixed to but insulated from the shaft. 

When power is applied, the rotor rotates to align its magnetic field with the stator. 

aligned, the commutator sections that had been in contact wit

adjacent commutator sections make contact this causes the polarity of the windings to reverse. The 

rotor then tries to align its new magnetic field with the stator. The rotor rotates because the brushes 

keep changing the winding polarity. 

Figure 

4. Classification of D.C motors 

Direct current motors are classified into three types, drawing their name from the way in which 

their field windings are electrically connected to the armature. Each type has its own specific load

speed characteristics, as well as certain preferred applic

series, and compound DC motors, as shown in Fig

a)                                             

Figure 3 types of D
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A DC motor consists of a stator poles and a wound rotor. Connection to the rotor windings is made 

, which make contact with a commutator that is affixed to but insulated from the shaft. 

power is applied, the rotor rotates to align its magnetic field with the stator. 

aligned, the commutator sections that had been in contact with the brushes brake contact and the 

adjacent commutator sections make contact this causes the polarity of the windings to reverse. The 

rotor then tries to align its new magnetic field with the stator. The rotor rotates because the brushes 

winding polarity.  

Figure 2  Cross-section of DC motor [16] 

Classification of D.C motors  

Direct current motors are classified into three types, drawing their name from the way in which 

their field windings are electrically connected to the armature. Each type has its own specific load

speed characteristics, as well as certain preferred applications. The three categories are the shunt, 

C motors, as shown in Figure 3.  

                                            b)                                               c)

types of DC motor : a) Shunt field   b) Series field   c)
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to the rotor windings is made 

, which make contact with a commutator that is affixed to but insulated from the shaft. 

power is applied, the rotor rotates to align its magnetic field with the stator. Just as the field is 

h the brushes brake contact and the 

adjacent commutator sections make contact this causes the polarity of the windings to reverse. The 

rotor then tries to align its new magnetic field with the stator. The rotor rotates because the brushes 

 

Direct current motors are classified into three types, drawing their name from the way in which 

their field windings are electrically connected to the armature. Each type has its own specific load- 

ations. The three categories are the shunt, 

 

b)                                               c) 

eries field   c) Compound 
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5. Separately excited DC motor  

Figure.4 shows the equivalent circuit for a separately excited DC motor. When a separately excited 

DC motor is exited by a field current of if and an armature current of ia flows in the armature 

winding, the motor develops a back emf and a torque to balance the load torque at a particular 

speed. The field current of a separately excited motor is independent of the armature current and 

any change in the armature current has no effect on the field current. The field current is normally 

much less than the armature current. 

 
Figure 4 Equivalent circuit of a SEDC machine. [4]. 

The field voltage and armature voltage are defined in matrix form as: 

�
��
��
� = �

�� + �	�� 0

��	��� �� + �	���
� �
��
��
�									(2.1) 

where if and ia are the field and armature currents,  ra and rf are the armature and field resistance, 

and Laa  and Laa are the self-inductance of the armature and field windings, respectively.  Laf is the 

mutual inductance between the armature and field windings, and ωr is the rotor speed.  

An equivalent circuit of a SEDC machine, shown in Figure 2, defines where these variables are 

identified.  On the right side of Figure 2, or the armature circuit side, the voltage induced from the 

motor action is equal to Laf ωr if .  This is sometimes referred to as the back emf.  Laf ωr if also 

represents the open-circuit armature voltage va [4].   

Electric torque Te is defined by its mutual inductance and the field and armature current as 

�� = ���	���� = ����																					(2.2) 

 

Electric torque is equivalent to mechanical torque and is defined as 

�� − �� = �	�	�� +	��	��													(2.3) 

where J is the inertia of the rotor, Bm is the damping coefficient, TL  is the load torque that opposes 

the electric torque. 
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1. Steady-state torque and speed 4 

Separate excitation is a basic DC motor setup that is similar to Figure 3 with the exception of a 

variable field rheostat is added to it.  A field rheostat is used to adjust the field current in the circuit.   

 

Figure 5 Equivalent circuit for separate field and armature excitation [4] 

The field voltage when the SEDC motor is at steady state is defined as 

�� = ��	��																					(2.4) 

The total field resistance rf is equal to the field rheostat value rfx plus the field circuit resistance rf.  

The capital letter denotes steady state values for current and voltage [4]. 

The armature voltage at steady-state operation is 

�� = ��	�� + �������																	(2.5) 

Rearranging Equation (2.5) to solve for ia, we get 

�� =
�� − �������

��
																					(2.6) 

Substituting Equation (2.6) into (2.2), we get 

�� = ����� �
�� − �������

��
�								(2.7) 

The mutual inductance Laf has a constant value.  If the field voltage vf and total field resistance  

rf are held to a constant value, if will stay constant. 

From Equation 2.7, we can now predict the electric torque Te at a given speed ωr if the armature 

voltage va is constant at steady-state conditions. Inversely, we can also predict ωr at a given Te for a 

constant va.[4] 

In practice, for a speed less than the base speed , the armature current and the field current are 

maintained constant to  meet the torque demand, and the armature voltage, is varied to control the 

speed. For speed higher than the base speed, the armature voltage is maintained at the rated value 

and the field current is varied to control the speed .the power developed by the motor remains 

constant. Fig.2.5 show the characteristics of torque, power, armature current ,and the field current 

against the speed .  
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Figure 6 (a, b) Typical characteristics of a separately excited D.C motor. 

6. Speed regulation  

A motor which is able to maintain its speed at constant level when a variable load is applied to it, it 

has good speed regulation. It is a built in characteristic of a motor and remains the same as long as 

the applied voltage kept constant. Speed regulation of a motor is a comparison of it’s no load speed 

to its full-load speed and is usually expressed in a percent as follows: 

Percent speed regulation =
speedfullload

speedfullloadspeednoload



 )()(
× 100 % 

The lower of the speed-regulation percent of a motor, the better is the speed regulation. If the speed 

–regulation percent is high, then its speed regulation is poor. 

7. Motor losses 

The losses of a D.C motor may be divided into two types mechanical and copper losses.  

a) Copper losses (I 2 R), are present in the armature windings, the shunt field, the series field, and 

the interpole field windings . The I 2 R losses depend on the effective resistance  

of these windings. Power is used whenever a current flows through these resistances. these 

resistances maybe found by the ammeter – voltmeter method ; they are then multiplied by the 

currents squared to obtain the copper losses . 

b) Mechanical or rotational losses are divided into two groups: the iron (or core losses), and friction 

losses. Iron losses consist of the eddy current loss and hysteresis losses.  

8. Applications  

Because of their inherent characteristics direct current motors are used in application where 

exacting control characteristics are very important such as cranes, elevators, numerical control, tape 

drives, and data processing. They are also used in the field of transportation, in vehicles such as 

electric buses and streetcars.  
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9. Advantages  

The D.C motors have the following advantages:    

 High starting torque. 

 Speed control over a wide range, both below and above the normal speed. 

 Quick starting, stopping, reversing and accelerating. 

10. Disadvantages   

The disadvantages of DC motors are: 

 High initial cost. 

 Increased operating and maintenance costs because of the commutators and brushes. 

11. Equipment Setup for Performance Testing of Theory 

Some of the components used in this experiment. The equipment used for this experiment and 

shown in Figure 7 and detailed: Converter Buck based IGBT, AC/DC Power Supply, 180W DC 

motor, Electrodynamometer, Tachometer, Computer with Labview Software, Oscilloscope and 

Multimeters. 

 

Figure 7 Photograph of equipment used. 
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In Figure 4, a schematic diagram of the equipment setup for this experiment is shown. 

 

Figure 8 Circuit diagram for speed control of SEDC motor 
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1. Modeling of (Chooper) Buck Converter 

Buck converter (BC) is very interested for improve the performance and controllability of industrial 

applications such as speed control of DC motors, subway cars, trolley buses and battery operated 

vehicles etc.[9] 

Buck converter is a basically static power electronics device which converts fixed dc voltage / 

power to variable DC voltage or power. It is nothing but a high speed switch which connects and 

disconnects the load from source at a high rate to get variable or chopped voltage at the output [9]. 

It produces a lower average output voltage than the SEDC input voltage Vs.  Its main application is 

in regulated DC power supplies and SEDC motor speed control [8].  

 
Figure 9 Simplifed Buck Converter Circuit Diagram  [5] 

The Practical design of buck converter is used in this project for speed control of SEDC motor is 

shonw as in Figure 7  

  

Figure 10 Practical design of buck converter for DC motor. 

Conceptually, the basic circuit of Fig. 6 constitutes a buck converter for a load (R or RL or RLE).  

A transistor type used in buck converter is Ultra-Fast IGBT. This device is represented as a switch 

in a dotted box for simplicity. When it is closed current can flow in the direction of arrow only. 
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Figure 11 Ultra-Fast IGBT [see Appendex] 

A. Operation of Buck converter with Resistive Load 

 

Figure 12 Operation of Buck Converter with Resistive Load [9] 

When CH is ON, VO = VS, when CH is OFF, VO = 0 

Average output voltage is calculated by: 

�� =
1

��
� ��(�)	��

���

�

=
�����
�

= ���								(3.1) 

Where,  

D = Ton/T is duty cycle and (0 ≤ � ≤ 1) 

 

TON can be varied from 0 to T, so 0 ≤ D ≤ 1. Hence output voltage VO can be varied from 0 to VS. 

RMS output voltage is calculated by: 

��� = �
1

�
� ���(�)	��

���

�

= ���
���
�

= ��√�										(3.2) 

The practical instantaneous output voltage and current waveform of buck converter with Resistive 

Load equal to 100 Ohm is shown below (Figure 10). 



Chapter III: Design and Modeling of Buck converter  

 

Page : 14 

 

 

Figure 13 Practical instantaneous output voltage and current of BC with resistive load. 

where 

TON : It is the interval in which chopper is in ON state. 

TOFF : It is the interval in which chopper is in OFF state. 

VS : Source or input voltage. 

VO : Output or load voltage. 

T : Chopping period = TON + TOFF. 

B. Operation of Buck Converter with Inductive Load 

 

Figure 14 Operation of Buck Converter with Inductive Load [9] 

During ON time of converter 

�� = �� + �� 	⟹	�� = �� − �� ⟹ �
��

��
= �

Δi

T��
= �� − ��									(3.3) 

Therefore, peak to peak load current, 

Δi =
�� − ��

�
T��												(3.4) 
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During OFF Time of Chopper 

When CH is OFF inductor reverses its polarity and discharges.  

This current freewheels through diode FD. 

�
��

��
= �� 

�
Δi

T���
= �� 	⇒ 	Δi = ��

T���
�

																						(3.5) 

By equating (3.4) and (3.5) 

�� − ��
�

��� =
��
�
���� 		⇒ 		

�� − ��
��

=
����
���

			⇒ 			
��
��

=
��� − ����

���
 

There fore, 

�� =
���
�

�� = ���							(3.6) 

So, from (3.4) we get, 

Δi =
�� − ���

�
	�� ������, �

���
�
� =

��(1 − �)�

��
	�� =

1

�
= �ℎ������	����������		(3.7) 

The Chopping frequency is 1 KHz, and the input voltage is 140V. 

The practical instantaneous output voltage and current waveform of buck converter operation with 

inductive Load (L=0.7 H and R=5.4 Ω) is shown in below (Figure 11) 

  

Figure 15 Practical instantaneous output voltage and current of BC with inductive load 

2. Control Strategie of Buck Converter 

The average value of output voltage Vo can be controlled through Duty Cycle by opening and 

closing the semiconductor switch periodically.  

The control strategie for varying duty cycle in this project is an Arduino UNO using Pulse Width 

Modulation (PWM) technique. PWM is a technique for supplying electrical power to a load that has 

a relatively slow response. The supply signal consists of a train of voltages pulses such that the 
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width of individual pulses controls the effective voltage level to the load. The PWM pulse train acts 

like a DC signal when devices that receive the signal have an electromechanical response time that 

is slower than the frequency of the pulses. For a DC motor, the energy storage in the motor 

windings effectively smooth’s out the energy bursts delivered by the input pulses so that the motor 

experiences a lesser or greater electrical power input depending on the widths of the pulses. The 

formula below shows the voltage signal comprised of pulses of duration TON that repeat every TOFF 

units of time. The output of a PWM channel is either Vs volt during the pulse or zero volts 

otherwise. If this signal is supplied as input to a device that has a response time much larger than 

TOFF.[11] 

The effective DC voltage supplied to the load is controlled by adjusting the duty cycle. On an 

Arduino Uno, PWM output is possible on digital I/O pins 3, 5, 6, 9, 10 and 11. On these pins the 

analogWrite function is used to set the duty cycle of a PWM pulse train that operates at 

approximately 1000 Hz. Thus, with a frequency fc = 1000 Hz, the period is TOFF  = 1/fc ~2ms. The 

PWM output level with the analogWrite is an 8-bit value that corresponds to an effective voltage 

range of 0 to 5 V, [11]. The relationships between the effective DC voltage supplied and PWM 

output parameters as in below: 

��� = 255	
���
����

= 	255	
���
��

										(3.8) 
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1. Objective 

The response of a first order DC Motor depends on its DC gain, K, and time constant, τ. Both K  

and   are function of DC Motor parameters. The objective of this chapter is to model a first-order 

DC Motor and investigate the effect of DC Motor parameters on its response to a step input. 

We choose to experiment with an armature controlled DC motor, which behaves as a first-order 

machine when the armature voltage is the input and the angular speed is the output. We obtain the 

transfer function of the DC motor and identify specific parameters of the system that affect system 

response. Specifically, we identify system parameters that individually affect the DC gain and the 

time constant and vary these parameters to experimentally verify the change in system response, 

[12]. 

2. Background 

2.1. First-order systems 

The standard form of transfer function of a first-order system is: 

 
)1 ()(

)(
)(




s

K

sU

sY
sG


  (4.1) 

where Y(s) and U(s) are the Laplace transforms of the output and input variables, respectively, K is 

the DC gain, and   is the time constant. For a unit step input /s U(s) 1 , the response of the system 

is: 
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The inverse of the resulting Laplace transform can be easily found (see the Appendix in your text).  

Typically the inverse is available in standard tables.  In this case, 
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It is clear from (3)) that Ky   as t .  The DC gain can therefore be interpreted as the final 

value of the output for a unit step input. The time constant is the time required for y(t)  to reach 

63.2% of its final value.  Indeed, at   =t  , K. y(t) 6320  for a unit step input.  For a unit step input, 

the change in input is one (1).  In general, for a step input of magnitude A , at   =t  , KA. y(t) 6320 .  

The response of the first-order system to a unit step input is shown in Fig.1a for two cases.  For a 

system gain 1K , the system’s output change is less than the input change applied.  For a system 

gain 1K . the system’s output change is more than the input change applied.  The results plotted are 

for a system operating for small positive input and output deviations from zero (the origin) [12]. 
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Figure 16: First-Order System Step Response 

The step response of the DC motor will be evaluated with a square wave input composed of a series 

of positive and negative steps. As shown in Figure 16, these steps produce repeated positive and 

negative changes in a 1st order system’s output. Assuming the positive system’s response reaches 

steady-state for each positive and negative input, the gain and time constant parameters can be 

separately evaluated for both positive and negative input changes. The specific values for the gain 

and time constant parameters for the above systems are computed below. Notice that the system 

gains are equal but that the positive and negative change time constants are not. For both 

parameters, an average is typically used as a representative value.  The variation from the average 

indicates the repeatability of the measurement, [12]. 

2.2 DC Servo Motor System 

An experimental schematic diagram of an armature controlled DC motor is shown in Figure 17. The 

system variables include: 

 

Figure 17: The DC motor (Phillips and Harbor) [12] 
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ae : Armature drive potential (volts).  

me : Back emf potential (volts) 

ai : armature current (Amps) 

T : torque produced by motor (N-m) 

 : angular position of motor shaft (radians) 

dtd : angular velocity of motor shaft (rad/sec) 

The parameters of the system include: 

mR : Armature resistance (Ohms) 

mL : armature inductance (Henry) 

J : moment of inertia of motor shaft (Kg-m2) 

B : coefficient of viscous friction (N-m-sec/rad) 

The system parameters not shown in Fig.2 include: 

TK : Torque constant (N-m/Amp) 

bK : motor back emf constant (volt-sec/rad) 

The torque constant TK  models the relationship between the electric current ai  input and motor 

torque T  output. 

 )()( siKsT aT  (4.4) 

The back EMF constant bK  models the relationship between the motor speed   input and the 

electrical back emf be  produced by the DC motor,  

 )()( sKse bm    (4.5) 

The transfer function of the servomotor, with armature drive potential ea as input and motor speed 

)(ss  as output, can be written as (Phillips and Harbor, Section 2.72) 
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Typically, the inductance of the motor armature is relatively small.  Neglecting the armature inertia 

mL , yields the low speed approximation for the DC servo motor transfer function  
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Rewriting (4.7) is the standard 1st order transfer function form (1) yields  



Chapter IV: Identification and PID Controller of a 1st Order DC Motor Model 

Page : 21 

 

 
1)]/([

)/(

)(

)(
)(






sKKbRJR

KKbRK

se

s
sG

bTaa

bTaT

a


 (4.8) 

and comparing it with (1), we obtain the expression for the motor DC gain: 
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and the DC motor time constant: 
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Figure 18: Block Diagram of the Motor and Amplifier System.[12] 

An amplifier is often used to generate the power required to drive the armature voltage on the 

motor. A block diagram showing an amplifier connected to the motor transfer function is shown in 

Fig. 18. The amplifier modeled as a constant gain aK , is also shown.. Together, the motor and the 

amplifier can be modeled as a single first-order system with steady-state (DC) gain: 
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and the time constant: 
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Comparing (4.9) and (4.11), the DC gain K of the motor and amplifier system is the product of the 

motor DC gain mK  and the gain of the amplifier aK .   

 ma KKK *  (4.13) 

A comparison of (4.10) and (4.12) indicates that the time constant  of the motor plus amplifier 

system is the same as the motor time constant m alone. One of the primary objectives of this 

experiment is to study those effects that vary the system’s DC gain and the time constant. Although 

it is possible to vary the system’s DC gain K  by varying the amplifier gain aK , we will not vary aK  

in this experiment. We will vary the system’s time constant   by changing the inertia of the motor 

shaft J by mounting an inertia disk on the motor shaft.  The above analysis shows that we expect 

these two changes to have independent effects on the motor system response. 
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2.3 Experimental Procedure: 

The overall experimental setup is shown schematically in Figure 8 

 

Figure 19 Basic Equipment Setup 

According the experimental result below, the gain of the DC Motor is = 117.5 rd/s, the time 

constant of the DC Motor is = 0.15 s 

 

Figure 20 Step response methode. 

The first-order system below is composed of an amplifier and a plant. Find the system transfer 

function in standard first-order form, K/(τs+1). 

3. Experimental Tuning of PID Controllers via Ziegler-Nichols Methods 

Until 1941, the engineers, John Ziegler and Nathaniel Nichols have changed the whole control 

industry by theire tuning methode. John Ziegler was the practical one of the pair with a lot of 

experience in process applications, and who performed all the simulator tests that led to the 



Chapter IV: Identification and PID Controller of a 1st Order DC Motor Model 

Page : 23 

 

methods they were seeking. Nathaniel Nichols was the mathematician and who reduced all of the 

mathematics to a few simple relationships that could be understood by technicians and operators. 

The results were the now famous "Ziegler-Nichols" methods of tuning controllers - methods that 

survived the slings and arrows of its early detractors, withstood the test of time, and works  just as 

well as many of the later more sophisticated optimizing forms on a great majority of process 

applications.[13] 

3.1 The step response method  

The Ziegler-Nichols step response method is based on a step response of the DC motor. A step 

input is made in the control signal to the DC Motor and the response is logged for analysis Figure 

20. 

The DC Motor characteristics which have determined from the DC Motor in the following way:[13] 

i. Locate the point on the DC Motor response curve where the slope is greatest, and draw the 

tangent to the curve through this point.  

ii. Find the points at which this tangent cuts the two lines which give the stationary values of the 

DC motor variable before and after the step disturbance respectively.  

iii. Reading off the times for these two points, the dead-time (L=10 ms, see fig.20) and the dominant 

time constant (T=150 ms, see fig.20) for the DC Motor. The dead-time is defined as that time it 

took from when the step disturbance was made until the DC Motor signal began to react. With 

the Ziegler-Nichols method for determining dead-time, the estimated dead-time is often longer 

than it is in real life. This is correct, and it is due to the very simple model of the DC Motor 

which is used since high-order dynamics also appear in the step response as an additional dead-

time. In other words, the dead-time L and the time constant T have to describe a DC Motor 

which may comprise one dead-time and several time constants. This is approximated with a 

slightly longer dead-time and a dominant time constant. 
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Figure 21 Step response method 

iv. The static gain Kp of the DC Motor is estimated by taking the ratio between the process variable 

change and  the control signal change: 

 

�� =
Δ�

Δu
=	

117.5	��/�

100	�
= 1.175 �� ��⁄ . 

Based on these three parameters L, T and Kp determined from the step experiment (see figure 20), 

the Ziegler-Nichols step response method can now provides the controller parameters such as in 

table 1. In order to simplify the table, the relationship between the dead-time and the time constant 

has been designated by �, where 

� =
�

�
= 0.067 

The constant � is known as the normalized dead-time. The Ziegler-Nichols table was originally 

drawn up for the PID controller in its parallel design type. 

Tableau 1 PID parameters according to Ziegler-Nichols step response method. 

Controller K Ti Td 

P 
1

���
= 12.7 - - 

PI 
0.9

���
= 11.43 3L=0.03 - 

PID 
0.6

���
= 7.62 2L=0.02 L/2=0.01 
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In the table, the controller gain is inversely proportional to the static gain of the DC motor and the 

normalized dead-time.  

Both the integral and derivative times are proportional to the dead-time of the DC motor. This is 

also sensible, because the time parameters of the controller have to lie in the same range as the DC 

motor time scale.  

3.2 Advantage of the Ziegler-Nichols 

The main advantage of the Ziegler-Nichols step response method is in its simplicity as only a step 

experiment is required. The disadvantage is that the method is relatively sensitive to load 

disturbances and other disturbances in the  frequency  range  of  interest  during  the experimental  

phase  and  a  large step  input may  be necessary  to obtain a  good  signal-to-noise  ratio.  On the 

other hand, use of a large input is restricted by the non-linear modes of the DC motor as well as 

important safety operational limits [13]. 
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Speed Control of DC Motor 

 



 

1. Overview 

Here in this chapter terminal voltage control 

interconnection of components forming a system configuration that will provide a desired system 

response. A controlled DC motor is developed allowing Arduino hardware which acts as the 

interface between the computer LabVIEW and the outside world. It primarily functions as a device 

that digitizes incoming analog signals so that the LabVIEW can interpret them. The user interface 

was developed in an Arduino environment. The aim is to control the speed of the dc motor 

Low Cost data acquisition board i.e. the Arduino board interfaced with PID Controller in 

LabVIEW.[11] 

2. Arduino Uno Board 

The Arduino Uno is a microcontroller board based on the ATmega328. It has 14 digital input/output 

pins (of which 6 can be used

USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to 

support the microcontroller; simply connect it to a computer with a USB cable or power it wi

AC-to-DC adapter or battery to get started.

Figure 

The Uno differs from all preceding boards in that it does not use the FTDI USB

chip. Instead, it features the Atmega16U2

to-serial converter.  

A sketch for the Arduino microcontroller acts as an I/O engine that interfaces with the LabVIEW 

Vis through a serial connection. This 

adjusting the communication, 

Read/Write, Close convention in LabVIEW we can access the digital, analog and pulse width 
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terminal voltage control method is employed. A control system is an 

interconnection of components forming a system configuration that will provide a desired system 

motor is developed allowing Arduino hardware which acts as the 

er LabVIEW and the outside world. It primarily functions as a device 

that digitizes incoming analog signals so that the LabVIEW can interpret them. The user interface 

was developed in an Arduino environment. The aim is to control the speed of the dc motor 

Low Cost data acquisition board i.e. the Arduino board interfaced with PID Controller in 

The Arduino Uno is a microcontroller board based on the ATmega328. It has 14 digital input/output 

pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic resonator, a 

USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to 

support the microcontroller; simply connect it to a computer with a USB cable or power it wi

DC adapter or battery to get started.[11] 

Figure 22: Arduino Uno Front and Back 

The Uno differs from all preceding boards in that it does not use the FTDI USB

chip. Instead, it features the Atmega16U2 (Atmega8U2 up to version R2) programmed

A sketch for the Arduino microcontroller acts as an I/O engine that interfaces with the LabVIEW 

connection. This helps to move information from Arduino to LabVIEW 

adjusting the communication, synchronization or even a single line of code. Using the Open, 

Read/Write, Close convention in LabVIEW we can access the digital, analog and pulse width 
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method is employed. A control system is an 

interconnection of components forming a system configuration that will provide a desired system 

motor is developed allowing Arduino hardware which acts as the 

er LabVIEW and the outside world. It primarily functions as a device 

that digitizes incoming analog signals so that the LabVIEW can interpret them. The user interface 

was developed in an Arduino environment. The aim is to control the speed of the dc motor using the 

Low Cost data acquisition board i.e. the Arduino board interfaced with PID Controller in 

The Arduino Uno is a microcontroller board based on the ATmega328. It has 14 digital input/output 

as PWM outputs), 6 analog inputs, a 16 MHz ceramic resonator, a 

USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to 

support the microcontroller; simply connect it to a computer with a USB cable or power it with an 

 

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver 

(Atmega8U2 up to version R2) programmed as a USB-

A sketch for the Arduino microcontroller acts as an I/O engine that interfaces with the LabVIEW 

helps to move information from Arduino to LabVIEW without 

synchronization or even a single line of code. Using the Open, 

Read/Write, Close convention in LabVIEW we can access the digital, analog and pulse width 
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modulated signals of the Arduino microcontroller. The Arduino microcontroller must be connected 

to the computer with the LabVIEW through a USB…[11] 

3. LabVIEW Interface for Arduino LIFA 

Labview is the main software used. Labview interfacing with arduino allows users to get data from 

Arduino microcontroller and the data processed by Labview Graphical Programming environment. 

Labview is Laboratory Virtual Instrumentation Engineering Workbench which is a graphical 

programming language. It was released in 1986 by National Instruments, [14] 

LIFA is the main part for this system as the data and control system will do by it. Labview is chosen 

as the software for this system because it is easy to implement as it is graphical programming. 

Furthermore, Labview supports in GUI building, Labview use dataflow paradigm and automatic 

memory management. The interest on visual programming makes the Labview as the chosen 

software. GUI based system allow users to set monitoring parameter, to read value from sensor, to 

acquire data and to display important parameter. Other than that, Labview is suitable for An 

Automatic Fertigation System as it have multiple functions, [14] 

The set up procedure for Labview Interface for Arduino (LIFA) as below:[14] 

a. Install Labview (the installer provided by supervisor)  

b. Install the NI-VISA drivers   

c. Install JKI VI Package Manager (VIPM) Community Edition  

d. Install Labview Interface for Arduino (LIFA)  

e. Connect Arduino Uno microcontroller to the laptop  

f. Load the LIFA to Arduino Uno 

3.1 Labview Panels 

The execution of program followed the connector wires by linking the process nodes together. All 

of each routine or function is stored in virtual instrument (VI). The Labview consists of three main 

components which are front panel, block diagram and a connector panel. The panels are showed in 

Figure 23 and Figure 24, [14] 



 

  The front panel contains inputs and controls which displayed at a run time while block diagram is 

a place for edit the code and represented graphically. The last panel which is connector panel helps 

in interface of VI when imbedded as a sub

browser window as it is on the local computer. Only one user can control the VI, while others can 

observe the experiment from the VI or web cam live video [
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Figure 23 Front Panel of Labview 

Figure 24: Block Diagram of Labview 

The front panel contains inputs and controls which displayed at a run time while block diagram is 

a place for edit the code and represented graphically. The last panel which is connector panel helps 

in interface of VI when imbedded as a sub-VI [14]. Front panel of VI is the same in the web 

browser window as it is on the local computer. Only one user can control the VI, while others can 

observe the experiment from the VI or web cam live video [14]. 
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a place for edit the code and represented graphically. The last panel which is connector panel helps 

t panel of VI is the same in the web 

browser window as it is on the local computer. Only one user can control the VI, while others can 
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3.2 Designing Labview for speed control of DC motor 

The main part of this project is interfacing of Labview with Arduino. The designing block diagram 

and front panel is developed using Labview software. The design is built in order to control the 

speed of DC motor. 

 

Figure 25 :  Front panel for sensers 

Figure 25 shows the front panels for sensers. This panel will shows the user six waveform graphs 

that indicate the reading value from the sensors. There is also 3 meters used in this system which 

are voltmeter, ampermeter and tachymeter. From this, user is able to monitor the environment 

condition comfortably.  

Duty cycle can be varied from 0-100% by varying the user controlled interactive graphical dial on 

the front panel.  The response of the system can be changed by varying the gains of PID controller. 

These VI’s will be burnt in the Arduino microcontroller using LIFA_Base and interfaced with the 

dc motor. Setpoint, set by the user will be fed into the PID controller and passed on to the Arduino 

PWM pins. Arduino will pass those PWM pulses to the motor along with supply voltage that moves 

the motor. Shaft of the DC motor will move and number of times it moves will give us the speed at 

which the motor is moving. Tachometer is the sensor which measures the rotation will be used. 

Tachometer will be given external power supply voltage of 5V.[11]  

Belows is the Block diagram of the Closed-Loop System is as shown in Figure 26: 
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Figure 26 Block diagram of Sensors 

PID controller will compare the setpoint value with the value received from the Arduino. Arduino 

receives this value from tachometer. Tachometer measures the revolutions of the DC motor. If the 

two values are not same, PID controller will try to minimize this error and bring the DC Motor to 

the desired speed. 

4. Result and discussion 

Figures 27 - 29 below shows the speed control of DC motor with PID controller. The value at which 

the speed is obtained at Kc=11.42, Ti=0.03 and Td=00.  

 

Figure 27 Speed Response with no torque load TL=0 Nm 
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Figure 28 Speed Response with no torque load TL=0.62 Nm 

 

Figure 29 Speed Response with no torque load TL= 1.35 Nm 

Experimental results are shown in Fig. 27, Fig. 28 and Fig.29 for step response for speed change 

from 0 rad/sec to 30 rad/sec to 60 rad/sec and from 60 rad/sec to 30 rad/sec to 0 rad/sec at different 
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of rated motor load. These figures clarify the soft start of the motor and the operation of the current 

limit as well as the satisfactory transient response. 

The speed of a DC motor has been successfully controlled by using Chopper as a converter and PID 

type Speed controller based on closed loop system model. Initially a simplified closed loop model 

for speed control of DC motor is considered and requirement of speed controller is studied. Then a 

generalized modeling of dc motor is done. After that a complete layout of DC drive system is 

obtained. Then designing of speed controller is done. The optimization of speed control loop is 

achieved through Ziegler-Nichols methode. A DC motor specification is taken and corresponding 

parameters are found out from derived design approach. The expermental results under varying 

reference speed and varying load are shown above. The test shows good results under all conditions 

employed during simulation. 
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1. Conclusion 

Electric motors are used to provide mechanical work in industries. The DC motors is considered to 

be a basic electric machine. The DC motors are one of the electrical drives that are rapidly gaining 

popularity, due to their high efficiency, good dynamic response and low maintenance. The DC 

motors and drives have grown significantly in recent years in the appliance industry and the 

automotive industry. DC drives are very preferable for compact, low maintenance, and high 

reliability system [17]. 

In this work, an overview of DC motors, including the equations that represent torque, rotor speed, 

field and armature currents and voltages is developed. Identification and PID Controller of a 1st 

Order DC Motor Model is discussed. The Results of the testing about the Speed Control of DC 

Motor performance are analyzed.  A PID controller has been employed for speed control of DC 

motor by LabView interfaced with Arduino. The speed controller has been designed successfully 

for closed loop operation of the DC motor and the motor runs nearly to the reference speed. The 

expermental results under varying reference speed and varying load are shown above. The test 

shows good results under all conditions employed during simulation. 

2. Future Scope  

 Tuning of PID controller for position control using Artificial Intelligence techniques such as 

: Neural Network and Fuzzy approach … 

 Speed control of the DC motor for shunt-connected, series-connected, or compound-

connected operation.   
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