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I I. LITERATURE REVIEWAbsfiqd-Thc mrin objcctivc of thir projcct i! to cootrol thc rpcrd of
lcprr.tcly-crcitcd DC nrotor ulitrg microcontrollcr PIC l6Ft77A. It i! .
clo3cd - loop rarl timc cortrol sy$cm. whcrc rotrry cocodcr i! contr.atcd
to motor lhrft to provid. fcrdbeck signrl to cootrollcr. Thc infr. rcd
$Dsor will dctcct how mrny pulsc of cncodcr rDd will !.rd fccdb.ck
siSBd to controllcr, A driver wlll bc corrcctcd to drivc tbc nrotor .od
spccd control ir .chicvcd by PVyM tcchniquc u!in8 thc oicrocontrollcr.
Pulrc Width Modul.tion (FWM) acchniqo. i! ulcd wbcrc i& ligod ir
gcrcrrtcd in microcontrollcr. Thc PwM ligorl! tctrd to thc motor drivcr
rtrd vrry thc voltrgc r[pply to ootor thut its lpcGd.PI cootrollcr i!
implcmctrtad itrto thc microcontrollcr to control thc rpc.d of motor.
ThrouSh this projcct it c.r bG concludc thrt digitil fccdb.ck tiSml clr
be ulc to control tha 3pc.d ofmotor.

Kcywords-{omponcnt : PIC microcontrollcr, Irc motor, Eocodcr

I. !NTRODUCTION

Direcl curent (DC) motor is versatile and extensively used in
indusEy. 4 wide variety of characteristics can be obtained from
various connections to dc motor. Its s@ can be contolled over a
wide range easily. l.arge dc moton are used in conveyors, fans, paper
mills, textile millg pumps and so forth. ln home appliances, washerq
dryers and compressors are good examples. In automotive, fuel pump
contol, elec'tronic st€cring control, engine contsol and electric
vehicle conEol are good examples of these. In aercspac€, thcre are a
number of applicdions, like centrifuges, pumps, rcbotic ann controls,
gnoscope contols and so forth.

Power electronics has evolves to modem technolory rapidly
due to many rcsearches that successfirlly established. Thc
development of power elecronics also involve in microcontsoller.
In this proj€c! a closed loop circuit was used to conhol the speed

ofmotor.

Desired
speed

Figure I :Block Diagnm of System

The actual speed of DC motor rvill be measured by lnfra-red
sensor combine with rotary encoder and fe€d back to
microcontroller. In microcontoller, it will calculate the error
bctween lhe desired speed or sst poirt with lhe actual speed. The
error will determine the duty cycle of pulse-width modulation
(PWM) in microcontroller. The calculated duty cycle will be send

to DC motor driver wh€tb€r lo increase or decrease speed of the
motor- The objective of this study is to us€ digital feedback signal
method rather than old method such as analog feedback signal.
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Pl conEollel is implemented into PIC using assembly program
language. ln this project if a load is applied the motor will slows
down from the actual value so that a positive error speed is produced.
In order to stabilize the output, prcportional conool is applied by
error speed multiply the gain. Hence, the motor speed will stabilize at
some speed below the set point. Ifthe gain is set so that any changes
in motor spe€d causes a significant change in drive level and as the
effect motor speed will oscillate. However proportional conrol has
only limited use as it can never force the motor to run exactly at the
set point speed [ ].

The next new improvement is to introduce a coff€ction to the
ouput which will keep adding or subtracting a small amount to the
output until the motor reaches the set point, a, which point no flrther
changes are made. In fact a similar effect can be had by keephg a
running total of the error speed speeds observed for instance, every
specific time and multiplying this by another gain before adding the
result the proportional correction found above. This new term is
called the integral of the eror speed .Now we have a scheme where
there are two mechanisms trying lo conrct the motor speed which
constitutes a PI (proportional-integral) contoller. This controller is a
fast-acting correction which will make a change in the output as
quickly as the error arises. The integral lakes a finite time to act but
has the ability to remove all the steady-state sp€ed enor. Figurc 2
shows the block diagmm that a close loop using PI controller and
have a encoder feedback.

Three samples of error was taken during each interuption. The
samples is added or subtracted and divided by Ti or time to get data
in integral controller.

Pl controlhr

ht drtir.d

A.DC Motor Parsmeter
Paramet€rs of motor are an important step to know which to

detennine necessary rating for power switching element.
Understanding of thes€ paramet€rs will be useful in designing the
circuit.

Table I shows the trybold-Dedactic motor's parameter. All
the value in Table I below show the rating value of motor
parameter.

PARAMETER RATING VALUE
Model LEYBOLD,DIDACTIC GMBH

Rated current 2.04
Base speed 2ooorpm

Power rating 0.3kWatt
Voltage 220V

Table l: Motor parameter

B.PIC Connoller
The microconfoller acts like the brain of the DC motor speed

control syst€m [2]. The microcontoller chip that has been selected
for dle purpose of contsolling the speed of DC motor is
PICI6F877A manufactured by Microchip [3]. This chip is selected
based on several reasons:
i. It is equipped witb sumcient output ports without having to use a
decoder or multiplexer
ii. It is small, portability and low current consumption
iii. It has PWM inside the chip iself which ellow us to vary the
duty cycle ofDC moior drive.
iv. It is a very simple microcontroller. Users only need to learn 35
single word instructions in order to program fte chip.

MCLR/vrr'-r9.d

Figure 2:Block Diagram ofPI System

RATAN4/SE ......-
REo/RO-/aN5 
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RE t /\/V-R/AN6 <+
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oscr/cLxtN
osc2/clKou-r

RCO/Tl OSO/T.CXr
RCr,/TtOSyCCP2

RC2-.CCP1
RC3/SCt</SCL

ROO/PSFO

Figure 3:Pin diagram for PIC l6F877A
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C. IGBT Driver
Figure 4 show the IGBT driver rhat was used in this project. The
IGBT is suitable for many applications in power electronics. It
improves performance and efiiciency. The PWM fiom
microcontroller will be send to the IGBT &ivo [4]. The driver circuit
will amplifu the PWM voltage to a level that is suitable to ON the
IGBT. The driver circuit also act as a protection for microcontsoller
from high voltage side ofdriver. The frequency is fix to l -22090Y-hz-

Figure 4: IGBT driver

D. Speed Feedback using rotory encoder
To compute the angulsr velocity o), suppose that the count during a

sample period T is n pulses. Hence, the average time for one pulse is
T/n. lfthere are N windows on the disk, the average time for one
revolution is NT/n. Hence to (radls) = 2mA.lT [5].ln this project we
use RPM in calculation- Figure 5 shows the rotary encoder that was
used in this project The encoder will produce 20 pulses when motor
hrrn for I round. The motor speed is giv by formula

Speed= St-l round/s
NT

n=no of pulses
N=numb€r ofslots
T=time io get data

Detected speed= detected pulse*l round/s
207

Detected speed= detected pulser !*60 round /minute (RPM)
207

Figure 5: Rotary cncoder

E. lnfra-Red sensor
Figure 6 shows the schematic and r€al circuit of lnfra-red

ssnsor. Chip LM324 is used to ensure that the output waveform in
digital signal (High/low) is readable by microcontoller, Chip
LM324 is frmction as a comparalor. When the V* of Infra-red

sensor is greater than VRl, lhe ouQut of LM324 will be High (5V)
and when the V* is less tban VRl, the ouQut of LM 324 will be

Low (0V). Then, the output signal will be sent to microconEoller
as a feedback.

lra,xl

Figure 6: IR sensor
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F.. Flowchart for PIC

\ES

1ES

Figure E:Flowchart program for rampup duty cycle Figur€ 9:Flowchart program for ramp down duty cycle
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Figure I o:Flowchan program
Figure I I :Flowchart of interrupt routine
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III. RE'ULT AND DISCUSSION
In this project varisble resistor was used to substitute motor as a load
to ensule that motor &iver is fimctional. The output voltage to motor
was recorded from 0. I {.9 duty cyclc. Figure I 2 and I 3 shows dre
PWM waveform al 0.1 and 0.9 duty cycle.

IbK JL a Stop
+

M Por: 10m!r ClrBSm

*,Jl.*-J ll{{trll
Souce

!Il.(

ar 8100rrt
ji 1235Ulr
aV 3{.OnY

Table 2 and Figu€ 14 show the resuh duty cycle and Vout when
connectcd to variable resislor. The gnph in Figurel4 clearly shows
that when duty cycle is increase, the ouQut voltage will also
incrcasc meaning thst Vo is proportional to duty cycle

Duty Cycle

0.1 t7

0.2 32

0.3 52

0.4

0.5 92

0.6 I l0
0.7 130

0.8 149

0.9 t't2

Table 2: Vorlt usitrg variable resistor

TncE

+ ffi
cH3 5.00v

cte -r 11,6mV

122ut[h
cH2 50.0mv it 2fltxt

A-Mry-l2 f€I

Figuo 12: Duty cycle ar 0.1
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D.Cylcle Vs Vout

g
(,
o

1

0.9
0.8
o.7
0.6

0.5
0.4
0.3
o.2
0.1

0

0 50 1m

Vout

150 200

Tvp?E
H 1r

cH3 5.00v

frl2. .f -6z.frnv
l.ZZHrt

ctp 50.0mv il 250rE

29-li{ry-12 1rt52

Figure 14: D.Cycle Vs Vout

Figure 13: Duty cycle at 0.9
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The speed of encoder was compared with the speed thtt was taken
from tachometer. The speed of encoder was taken using formula and
monitorcd through oscilloscope

Freot 60
No. of slots 16l

Users can select their desfu€d duty cycle by select it through swirch
button. Table 3 and Figure 15 show the result of speed and Vout
during selecting duty cycle. The rcsult is relevant when motor was
rampup and ramp down.

We can see that there appeared some enor in encoder spoed. Ermr in
encoders cajr come fiom quantization error (due to digital word size
limitation), assembly ermr, coupling eror, struchnal limitation,
manufacturing lolersnces and ambient effec(vibmtion).[ 7]

Duty cycle RPM Frequency
(Hz)

s@
encoder-
Frcqi60120

160.6 55.56 166.6

0.2 369.6 t25.0 375.0
0.3 566.9 192.3 576.9
0.4 '173.9 256.4 '169_2

0.5 974.8 322.6 96',1 ;l
0.6 I 195.0 400.0
0.'t t400.0 465.0 1395.0
0.E 535.5 t 605.0
0.9 1807.0 600.0 r 800.0

Table 4: RPM and Encoder speed

Tek Ji- a Stop
+

MPor:8llqlr6 Ct Fsdn

TypeE
Souce

al l800rm

3f + ji 5556Hr
6v 2ffIV

Duty Cycle Vo RPM

0.1 20 r60.6

0.2 40 369.6

0.3 60 566.9

0.4 80 773.9

0.5 98 974.E

0.6 t20 I t95.0

0.7 136 1400.0

0.8 155

0.9 t75 r807.0

Table 3:Vout and RPM at desired duty cycle

Speed Vs Vout

=o.c
!
11,
(ue

2000
18@
1600

l/tOO

1200

1000

800
600
400
2@

o

0 50 100

Vout

150 200

Figwe l5: Spe€d Vs Vout
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Figure 16: Frequency encoder at 0. I duty cycle
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Figure l7 show thc result when motor was rundng with no load at
0.6 duty cycle. It c8n be seen that the motor oscillate duing
the experiment. This was due to the process ofsubtacting and
adding oferror in iotegral conaoller.

Tek JL CURSON

IV. CONCLUSION
Science and development have provide a large range of

application of DC motor in area such as robotic, electric motor,
home elec*ic appliances. All this application required speed

controller io perform the tasL DC motor have a gr€at sp€ed contsol
capabilities, which mean thal torque, s@ and direction can be
changed to m€et new condition.

The goa.l of this project is to design a DC motor sperd control
using digital feedback signal. By using low cost €ncoder and Infra-
red circuit we can control the spc€d of DC motor.

V. FUTURE RECOMMENDATION
It is hoped that DC motor speed contol that using PIC

microcontroller will offer a new era in the technology that will
offer a low-cost high performance and smaller oomparlment
solution for industrial arena Th author hopes some development
in technolory in order to achieve more efiicient control solution
for DC motor using encoder. The author also hopes some research
on other type ofencoders that can increase the efficiency to control
motors@.
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FigurelT: Motor speed when desired speed I195 rpm
at no load.

Figrue I 8 show the rcsult wheD motor al I 195 rpm was connected to
load 4N/M. The motor speed decrease when connected to a load
using braking unit. After that the microconaoller will detect the error
and send signal to accelerste motor to desircd speed.
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Figure l8:Moror sp€ed when desir€d speed I 195 rpm
With load 4N/m.
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