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Abstract

Speed control of DC Motor is vital in many applioas. In this paper, an effort has been made tdrabthe
speed of the DC motor using pulse-width modulati®®WM) based on LabVIEW (Laboratory Virtual
Instrument Engineering Workbench) program. LabVIBwvides a graphical programming environment suited
for high-level or system-level design. Becausehef global tendency towards using PC-based dataisitiopu
and control systems in industrial applications, #mel high accuracy, reliability, and flexibility gairements to
the control system, LabVIEW software is used. Ekpental results show that the proposed control reehe
provides soft start/ stop transient operationsctviiinproves the dynamic performance of the drivetesy, and
keeps the speed constant regardless of the changegply voltage or load torque.
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1. Introduction

DC motors have been popular in the industry cordrel for a long time, despite that DC power systane
rare, because they have many good characterifiticsxample; high starting torque, high responséopemance,
hard torque/ speed characteristics, easier toneadicontrol, wide range of speed regulation witi taccuracy
etc. DC motors are used with conveyors, elevaguders and in marine applications. They are ats in
industry for material handling including paper, stle, rubber, steel and textile (Salehal. 2013, Adityaet al.
2013, Rudermamt al. 2008). Low-power DC motors are used in positigniystems in machine-tools, where
high accuracy is required. In comparison with A@ersystems, DC drives are less and normally chefope
low horsepower ratings. DC motors are identifiechdjistable speed machines for many years anderaitye
of options have evolved for this purpose. Theredifferent control approaches and schemes, whigiem on
the desired performance of the used DC motors.speed of DC motors can be controlled below basmifred)
speed for constant torque electric drives or ablbase speed for constant power drives. Differenttrobn
methods and techniques are available. Open-looliseéd-loop control systems are used to contelisfreed
of DC motors depending on the drive system requerém(Adityaet al. 2013, Atul Kumaet al. 2012).

The basic property of DC motor is that speed canathgisted by varying the terminal voltage, insertin
additional resistance into the armature circuit aedkening the magnetic flux. The first two methads used
for speed control below base speed, and the lagtoahés used for speed control above the base sgédwd
control systems for DC motors are relatively simplecause they use scalar control principle. Thenmai
advantage of DC motor speed control is that, theontorque and magnetic flux can be independemtjysied.
Therefore, the DC motor control is riper than otkigrds of motors. Also, DC motor can be consideasda
SISO (single-input single-output) compatible witlkshmechanical loads. By proper adjustment of ¢neinal
voltage, the mentioned characteristic makes a D@muontrollable over a wide range of speeds (Nimz&hal.
2013, Ramesht al. 2010, Nandkishor 2012).

Classic control has proven for a long time to bedyenough to handle control tasks on system coritoaever
its implementation relies on an exact mathemativadlel of the system (plant or process) to be ctlattand
not simple mathematical operations.

In this paper, pulse-width modulation PWM technigbased on LabVIEW software has been implemented to
control the speed of DC motor below nominal speg@djusting the average value of armature voltagkta
perform soft start/ stop transition operations.

2. Speed Control of DC Motors
The equivalent electrical circuit of separatelyited DC motor is shown in Figure 1.
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Figure 1. Equivalent Electrical Circuit of SepahatExcited DC Motor.
The instantaneous value of armature (terminalageiy/, (t) is defined as:

v, (t) =Rji () +L, ()

where R, is the armature resistancdz,a is the armature inductancg, (t) is the instantaneous armature

+e,(t) (D)

current ande, (t) is the armature back emf.
The armature back eng, (t) is expressed as:
e, (t) = Kaw 2)
where K is a motor constanty is the magnetic flux andc is the angular rotational speed.
The developed torqué is defined by:

T =Ka,(t) 3
Neglecting the friction in the system, the equatidmotion will be:
da
T-T =J—
dt
(4)

where T, is the load torque and is the equivalent moment of inertia of the system.
Based on Equations (1) to (4), the dynamic mod&®@fdrive system in state-space form can be dermged

o X 0
d| w w
e T JRa + 1 v,
at[i,0] |- K _Reli,m] |
La La a (5)
w=t o
ia ()
For steady-state—(% = 0) operation, the following two equations can beadisd:
w= Va —|a& (6)
Kg ~“Kg
V
=Va 7 R (7)
Kg (Ko

whereV, and | , are the steady-state values of armature voltageiandture current, respectively.
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Equation (6) is called electromechanical charastieriof the drive system and Equation (7) is caledjue/
speed (mechanical) characteristic of the driveesgst

The first term in Equations (6) and (7) represéinésno-load speedy, of the drive system and the second term

represents the drop in speldc due to the load.
The relationship:

8
is called the hardness of mechanical characteridtihe drive system, which represents the seitsitof the
system to the change in load torque.

From Equation (6) it is clear that the speed of @e system can be controlled by weakening thenmtg
flux below its nominal value, by inserting additadrresistance into the armature circuit and by cadythe
armature voltage below its nominal value. The fired methods are rarely used because they inctbaseeat
losses in the system and reduce the hardness afigbbanical characteristic, which may cause instatdady-
state operation of the drive system. The third webtis widely used to control the speed of consi@ad torque
DC drives below base speed because it does nat #ffe hardness of mechanical characteristic ard dot
increase the heating losses in the motor. Variabieature voltage for speed control of DC drives ban
obtained by different methods, such as Ward-Leorsmftemes, transformer with taps and an uncontrolled
rectifier bridge, static Ward-Leonard scheme ortaled rectifiers and chopper control. Usually totied
rectifiers are used in applications requiring sl@sponse in high power systems. The main disadgantd
controlled rectifiers is that, they can't changeirtistate immediately by inverting the polarityagfplied voltage.
For this reason, pulse-width modulation is recenfigd to adjust the armature voltage of DC motspgecially
for small power motors fed from limited power sasc

3. Pulse-Width M odulation with LabVIEW

Laboratory Virtual Instrument Engineering WorkberdbVIEW is new graphical development software with
built-in functionality for data acquisition, instent control, measurement analysis, and data peggmEnm
LabVIEW delivers extensive acquisition, analysisd goresentation capabilities, so it is possiblecteate
applications, simulations and presentations ofesgstand processes in a single environment withtliging

for other software. LabVIEW uses a graphical praogring language called the G language. This language
represents programs in a symbolic form called bidielgrams, which reduces a lot of syntactical ¢&tab the
user will concentrate on the flow of informatioraththe procedure. Also, the graphical form of thegpams
eliminates syntax errors as in text-based langaagethis saves time.

LabVIEW ties the creation of user interfaces, ahlfeont panels, into the development cycle. LabVIEW
programs (subroutines) are called virtual instruiméflis. Each VI has three components: block diagraomt
panel and connector pain. The last is used to septahe VI in the block diagrams of other Vls. Trat panel

is built using controls and indicators. Controlg amputs: they allow a user to supply informationthe VI.
Indicators are outputs: they indicate, or dispthg, results based on the inputs given to the V& ([dack panel),
which is a block diagram, contains the graphicalrse code. All of the objects placed on the froahgd will
appear on the block diagram as terminals. The bHliagram also contains structures and functionschwhi
perform operations on controls and supply datanthicators. The structures and functions are foundhe
functions palette and can be placed on the bloagrdm. The LabVIEW programming environment makes it
simple to create some applications. The availalf®id Instruments VIs and sub VIs with Nationastuments
hardware can be developed to obtain PWM to cotitebkpeed of DC motors (LabVIEW 2009).

PWM is a digital technique used for speed contfoD& motors by varying the armature voltage beldsv i
nominal value. The principle of PWM is illustratedFigure 2. PWM is characterized by duty cy€je which is

defined as:
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Figure 2. Principle of PWM.

T, T,
q=—1000==2100% 9)

TON +TOFF TCYC
where T is the duty (turned-on) interval, . is the turned-off period, andl.,.. is the cycle time (period).

The average value of voltage applied to the arred¥yr equals:

1 Ton
V, =—— [vdt=qv (10)
CYC o
The equations for electromechanical and mechanlalacteristics can be rewritten as:
w=0_ R (12)
Kg “Kg
w=_1 R (12)
Ko (K9

The natural characteristic of the motor is obtaiméen ( =1. The regulated characteristics are obtained for

0<g<1 keepingT., =const (pulse frequency =const). Usually the pulse amgétV is not sufficient to

operate the motor, thus it should be amplified.

PWM technique is considered as an efficient mefoodmooth speed control of DC motors.

To realize PWM technique in LabVIEW environmeng tbllowing VIs and sub VIs were used:

1. Speed stabilizer (using counter), as shownguiiei 3. This VI uses counter 0 on DAQ board to gaeepulse

trains to feed the motor. The pulse frequency eaclilOKHz . By varying the duty cycle of generated pulses,
the speed can be controlled smoothly. Speed stabiVl enables the motor to operate on three linear
characteristics before reaching the desired spgdwes.action is illustrated in Figure 4.

2. Increment sub VI which provides the speed stiVI with the duty cycle needed for increasihg tiverage
voltage fed to the motor.

3. Decrement sub VI which provides the speed stailVl with the duty cycle needed for decreasihg t
average voltage fed to the motor.

4. Write to file sub VI, which is used to recordrjieular data, such as speed, duty cycle and freguéen an
external document.
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Figure 3. Block Diagram of Speed Stabilizer VI.
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5. Saw-tooth VI, to generate continuous saw-toahad, which can be modified in slope and amplitude

6. Programmable counter sub VI, which providessts-tooth VI with the number of generated pulses.

7. Mono-stable VI, to produce pulses as a resptinaa input signal.

8. Start-stop VI, which forms pulses according teeain algorithm with a frequency up 50Hz .

The block diagram of start-stop VI is shown in Figb. Examples of start-stop operations are iliistt on
Figure 6 for different selected settings. In gehdte start-stop VI enables to operate the motdhr@e modes,
which are represented on Figure 6.

4. Investigation of the Proposed Control System

The schematic diagram of proposed control systesmdsvn in Figure 7. The system consists of theo¥altg
components:

. 24V, 1.5A, 600rpm, 0.02hp DC separately-excitedor.

. L6203 H-bridge to provide 4-quadrant controthaf DC motor.

. Two PC817 opto-couplers to isolate the DAQ puksad direction signals from the motor circuit.

. 7805 regulator to produce 5V-signal.

. Incremental encoder, to measure the speed.

. CD4017B frequency divider to match the frequeotfeedback signal with the DAQ VI frequency.

. DAQ VI, which includes DAQ card, cable and temaiiblock.

The control system operates as follows: firstlyg wiriving pulses and direction signals are gendrated
extracted from the PC using LabVIEW and DAQ systespectively. After that, these signals enter tvidDA
gates to determine the direction the motor rotatidre direction signals are generated in a way ahat AND
gate is activated at a certain moment. Opto-cospseriate between the DAQ and the motor circuie ®htputs
of the opto-couplers are connected to the motaruitithrough H Bridge. To get a speed feedbackadign
encoder is used to produce pulses with a frequpnaportional to the speed of the motor. The cotergPC)
changes the duty cycle of the pulses as the vdlubeofinal speed changes to keep the speed ofmibier
constant.

~NO O~ WNPE
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Figure 7. Schematic Diagram of Proposed Controte®ys

The control system has been experimentally testedifferent operating modes. Figure 8 shows tlspoase of
the system at no-load for three accelerating modes.
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Figure 8. Dynamic Response of the System at No-®@pe&ration.
79



Control Theory and Informatics www.iiste.org
ISSN 2224-5774 (Paper) ISSN 2225-0492 (Online) %i.l
Vol.4, No.5, 2014 IIS'E

The system response due to applying external load fshort time is shown in Figure 9. As known, wize
torque is affecting a motor, its speed decreasessarjuently, according to this VI tries to remagvalue (set
point) by increasing the duty cycle in order to pamsate the speed drop.
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Figure 9. Dynamic Response of the System due tdyikmpLoad.

The dynamic response of the system due to the tiedua supply voltage is shown in Figure 10.
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Figure 10. Dynamic Response of the System due tlu®®n in Supply Voltage.

5. Conclusions

In this paper, the use of LabVIEW as a graphica programming language has been demonstrated lab dui
control scheme to maintain the speed of a DC naiostant regardless of the load or supply voltagétions.
Also, the proposed system provides soft start/ stapsient operations, which improves the systemadc
performance.
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