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ABSTRACT

Servomotors are preferred in industry to realize high performance position control.
In this study, control of circler position and speed was carried out by using DC
servomotor. In the control, PIC16F877 microcontroller with memory and
necessary /O parts was used. This microcontroller was preferred, for the absence
of hardware necessary in programming, ease of programming and for the
economical reasons. In the designed system, required position knowledge has been
entered with buttons attached to the system. When the system works, required
and realized position values was seen on the LCD screen and an indicator
connected to a shaft. It was observed that the required and realized position values
were in harmony after testing the designed system.

Key words: Servomotor, Servosystem, Microcontroller, position control.

SERVOMOTORUN MiKRODENETLEYICi iLE KONUM VE HIZ DENETIiMi

OZET

Endiistride yiliksek performansli konum kontrolii gergeklestirmek icin servo-
motorlar tercih edilir. Bu ¢alismada DC servomotor kullanilarak dairesel konum
ve hiz kontrolii gergeklestirilmistir. Kontrolde bellek ve gerekli olan I/O
birimlerini iginde barindiran PIC16F877 mikrodenetleyici kullanilmistir. Bu
mikrodenetleyici, programlamak icin gerekli olan donanimlarin azligy,
programlama kolaylig1 ve ekonomik oldugu i¢in tercih edilmistir. Tasarlanan
sisteme, istenilen konum bilgisi sisteme monte edilen tuslar yardimiyla
girilmektedir. Sistem c¢alistigi zaman, istenilen ve gergeklesen konum degerleri
LCD ekran ve mile bagh bir kadran ile goriintiilenmektedir. Tasarlanan sistemin
test edilmesi sonucunda, istenen ve gerceklesen konum degerlerinin uyum iginde
olduklar1 gbzlenmistir.

Servomotor, Mikrodenetleyici,

Anahtar  kelimeler: Servosistem, pozisyon

kontrolu.

1.GIRiS 1. INTRODUCTION

Endiistriyel uygulamalarda yaygin olarak kullanilan
elektrik motorlari yap1 olarak birbirlerine gére farkliliklar
gosterirler. Bu motorlarmin ortak yani; elektrik enerjisini
mekanik enerjiye doniistirmeleridir. Konum ve hiz
kontrolii igin her elektrik motoru uygun olmayabilir. Bu
durumda kontrol edilmek istenilen biiytikliige uygun bir
motor se¢imi yapilmalidir.

Konum kontrolii yapilmasi gereken uygulamalarda
genellikle adim motoru ya da servomotor kullanilir. Adim
motorlar1 daha ¢ok kiigiik giiclii sistemlerde ve diisiik
moment gerektiren kontrollerde tercih edilir. Bunun
yaninda biiyik gili¢, yiiksek moment ve hizli tepki
gerektiren sistemlerde ise daha ¢ok servomotorlar

The electrical motors used commonly in industrial
applications are different from each other as structure. The
common feature of these motors is converting electrical
energy to mechanical energy. Each type of electric motor
can not be suitable for position and speed control. So, a
motor should be chosen according to controllable
magnitude which is preferred.

A step motor or servomotor is generally used for
necessary application of position control. Step motors are
mostly preferred in the small powered systems and the
controls which requires low moment.

Beside of this, the systems which have high power,
high moment and rapid reaction, servomotors are mostly
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kullanilir(1). Ayrica motorun kalkis ve durus aninda,
motorun kontroliinii daha yumusak bir sekilde yapmak
kolaydir. Boylelikle motorun kalkis ve durus sirasinda,
mile bagl ylikiin ve iiriiniin zarar gérmesi dnlenebilecegi
gibi ayn1 zamanda motorun kalkis aninda yiiksek akim
¢ekmesi de dnlenmis olur.

Motor hizinin  degistirilmesi, motora uygulanan
gerilimin ayarlanmasi ile yapilir. Motora uygulanan
gerilimin ayarlanmasinda daha ¢ok yariilekten elemanlar
kullanilir. Bu yariiletken elemanlarin  kontroli ise
mikroislemci, mikrodenetleyici gibi donanim elemanlari
ve yazilim araciligi ile yapilir. Bu calismada kontrol
eleman1 olarak mikrodenetleyici kisaca PIC (Peripheral
Interface Controller) kullanilmustir.

2.TASARLANAN SERVOSISTEM

Servosistem siirliciileri, denetim igin gerekli olan
sinyalleri ( déniis yoni, hiz konum vb.); mikroislemci,
mikrodenetleyici yada bilgisayardan alirlar. Geri besleme
sinyali ise ¢esitli sensorler ya da  konum
potansiyometreleri yardimiyla elde edilir. Alman bu
bilgiler, ayn1 zamanda denetleyiciye gergek konum bilgisi
olarak girilir. Denetleyici, yazilimla verilen verilere gore
parametreleri hesaplar ve siiriicii i¢in gerekeli olan
sinyalleri iretir. Burada en 6nemli parametre konum-
zaman iligkisidir.  Denetleyici bu  konum-zaman
parametresine bagli olarak iiretmis oldugu sinyalleri
siriiciiye  gonderir. ~ Siiriici ise motorun  giiciinii
ayarlayarak konum-zaman iliskisinin gergeklestirilmesini
saglar (1).

Tasarlanan sistem su kisimlardan olusmaktadir;

Tus takimi

DC motor ve planet disli sistemi
Geri besleme potansiyometresi
LCD ekran

Kadran

Elektronik siiriicti devre

Tus takimi iizerinde {i¢ adet tus bulunmaktadir. Bunlar
ileri, geri ve kurma tuslaridir. fleri tusu 0° ila 360°
arasindaki degerleri sisteme yiikleyebilmektedir. Ayni
durum geri tusu icinde gegerlidir. Kurma tusu ise sistemi
stfir (0) noktasina getirmek icin kullanilir.

DC motor milindeki devir sayisini diisirmek ve mile
bagli olarak momenti yiikseltmek igin kullanilan disli
grubunda, 9 adet disli (rediiktér) mevcuttur. Digli sayis1 ve
digler arasindaki oranlara bagli olarak devir sayisi
diiserken moment yiikselir. Digli grubuna bagli geri
besleme potansiyometresi, mil ¢ikiginda olusan konum
degerini, sistemin c¢alisma durumunu belirlemek icin
mikrodenetleyiciye gondermektedir.

LCD ekran ise 2*16 (2 satir 16 siitun) tipinde
secilmistir. Birinci satirinda gerceklesen konum degeri,
ikinci satirinda ise set edilen konum degeri yani istenen
deger yazmaktadir. Kadran ise digli mekanizmaya bagl
bulunan ag1 degerleri ilizerine monte edilmis bir mil ve ibre
vasitasiyla motorun kag¢ derece dondiigiinii yada konum
degerini gostermektedir.

preferred (1). However, to make the control of the motor
for softly is easy when the motor starting and
stopping. Thus, during the starting and stopping of the
motor, load which connected to the shaft, the damage of
the product and at the same time the starting current of the
motor during starting up are prevented.

Changing of motor speed is done by adjusting the
voltage applied to the motor. Mostly semiconductor
elements are used to adjust the voltage applied to the
motor. These semiconductor elements are controlled by
hardware elements such as microprocessor,
microcontroller and relevant software. In this study
microcontroller called PIC shortly (Peripheral Interface
Controller) is used as control element.

2. DESIGNED SERVOSYSTEM

The servosystem drivers take necessary signals for
control (rotation direction, speed, position, etc.) from
microprocessor, microcontroller or computer. The
feedback signal are acquired from varies sensors or
position potentiometers. These acquired information is
also entered as real position information to controller. The
controller, calculate the parameters according to the data
given with software and produces the signals required for
the driver. Here the most important parameter is the
relation between position and time. The controller sends
these signals to deriver, which produced depending on this
position-time parameter. And the driver adjusting the
power of the motor provides the implementation of
position-time relation (1).

The designed systems consist of the following parts;

1. Keyboard

2. DC motor and planet gear system
3. Feedback potentiometer

4. LCD screen

5. Face

6.

Electronic drive circuit

There are three keys on the keyboard. These are;
forward, back and set keys. Forward key can load the
values between 0o and 3600 to the system. The same is
also valid for back key; the set key is used to get system
to (0) point.

In the gearbox used to reduce the speed of the DC motor
shaft and to increase the moment on the shaft, there are 9
gears in the gearbox. Depending on gear number and
proportion of gears, the speed reduces and at the same
time the moment increases. The feedback potentiometer
mounted to gearbox sends the position value which occurs
at the end of shaft to microcontroller in order to determine
the working situation of the system.

LCD screen is selected as 2*16 (2 lines 16 columns). In
the firs line of the LCD screen the obtained position value,
in the second line of the LCD screen the demanded set
position value are written The face which has angle
values on it and a needle at the center of the face is
mounted to gear mechanism shows the position value of
the shaft or how many degrees of the motor shaft rotate.
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2.1. Mikrodenetleyicinin Programlanmasi

Mikrodenetleyicinin ~ programlanmasi  asamasinda,
notepad programinda yazilan program kodlari, uzantist
‘ASM’ olarak diske kayit edilmistir. Kayit edilen dosya
daha sonra MPASM programinda agilarak derlenmistir.
Derlenen dosya, ayni dizin iginde uzantis1 ‘HEX’ olan
hexadecimal kod dosyasina doniistiiriilir. Bu asamada
eger program kodunda bir hata varsa ‘HEX’ dosyasi
yerine hata ‘ERR’ dosyasi olusur.

Hata olmamasi durumunda olusan hexadecimal kod
dosyast  mikrodenetleyicinin  programlanmast  igin
kullanilan  icprog programinda acilir. Programda
kullanilacak port (seri yada paralel) ve mikrodenetleyici
secimi yapildiktan sonra programlama kartma takili olan
mikrodenetleyiciye, hexadecimal kodlar yazilarak
programlama asamasi sonlandirilir (3). Bu islem ait blok
diyagram Sekil 1’ de gdsterilmistir.

2.1. Programming of Microcontroller

In the process of programming of microcontroller,
program codes are written in notepad program have been
saved in the disk as ‘“ASM’ extension. The saved file has
been opened in MPASM program later and compiled. The
compiled file is transformed as hexadecimal code file
whose extension is ‘HEX” in the same file. In this process,
if there is an error in program code, error ‘ERR’ file exists
instead of ‘HEX" file.

The hexadecimal code file existing without error which
has been used to program microcontroller is opened from
icprog. After choosing port (serial or parallel) and
microcontroller which will be used in programming, the
programming process is ended bywriting hexadecimal
codes to the microcontroller which is on the programming
card (3). The block diagram which belongs to this process
is shown in Figure 1.

PROGRAMME
PIC ASSEMBLER/
PROGRAM
EDITOR/ / PIC ASSEMBLER \ ERROR LIST/ HATA
EDITOR LISTESI (Bug)
A
PIC
PIC COMPILER
PROGRAMLAYICI MPASM
\ 4 SYSTEM
MICROCONTROLER/ p| (DCServosistem)/
MIKRODENETLEYICI SISTEM
(DC Servosistem)

Figure 1. The block diagram of programming microcontroller
Sekil 1. Mikrodenetleyici programlama blok semasi
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2.2. The program algorithm of designed system

k==0

Figure 2. The program algorithm of designed system
Sekil 2. Tasarlanan sistemin program algoritmasi

Sekil 2° deki algoritmaya gore istenilen konum degeri
tuslar yardimiyla sisteme girilir. Bu deger son konum
degeri ile karsilagtirilir ve bu karsilagtirma sonucuna gére
sistemin ¢aligma durumu belirlenir. Her durumda son
olusan konum degeri mikrodenetleyici hafizasina kayit
edilir.

Desired position values are entered to the system by
using keys, according to algorithm in Figure 1. This value
is compared with final position value and at the end of this
comparison, the working situation of system is
determined. For every situation, final position value is
saved to microcontroller memory.
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2.3. Tasarlanan sistem blok diyagram

2.3. The block diagram of designed system

EET EOART FTUS TAEIMI

FOEWARD EACE EESET
LERt ERT EESET
DERIVE
CIRCUIT
SURICTDEVERE
LD DO SERVO
2[ REEH MOTOR -» FACE
EEEAH DCSERVO EADEAN
Lep MOTOR

Figure 3. Block diagram of designed system
Sekil 3. Tasarlanan sistemin blok diyagrami

Sekil 3’ de tasarlanan sisteme ait blok diyagrami
verilmigtir. Sistemde tuslar yardimiyla, istenilen konum
degeri girildikten sonra mikrodenetleyicili siiricii devre,
motoru istenen dereceye gelinceye kadar iletimde tutar.
Siirlici devre bu islemi, motor miline bagli bulunan
potansiyometreden aldig1 analog ger¢ek konum degeriyle,
istenilen konum degerini  karsilastirarak karar wverir.
Sistemde bulunan LCD ekranin 1. satirinda sistemden
istenilen aci, 2. satirnda ise gerceklesen agi degeri
goriintiilenmektedir. Kadran ise disli mekanizmaya bagl

Block diagram of designed system is given in Figure 3.
After entering desired position values by using keys, drive
circuit with microcontroller is driving to the motor until
desired degree has bee achieved. Drive circuit acquires
and compare with the reel analog position value from
potentiometer which is mounted on motor shaft and
desired position value and decides to whether to continue
to this process or not. Desired value appears first line of
LCD screen which is in the system and realized angle
value also appears second line of LCD screen. Face is as
mounted to gear mechanism shows reel analog position

2.4. Open circuit diagram of designed system

olarak  gercek konum  degerini analog olarak
gostermektedir. value.
2.4. Tasarlanan sistemin acik devre semasi

10k

PR

M [
il
%

Figure 4. Open circuit diagram of designed system
Sekil 4. Tasarlanan sistemin agik devre semasi
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Sekil 4’de tasarlanan sistemin denetim ve siirlicii
devresine ait acik devre semasi verilmistir. Semada
mikrodenetleyicinin  ¢alismast  i¢in  gerekli  gevre
elemanlar1 ile motorun g¢alismasimi ve yon degistirmesini
saglayan kopril transistor devresi goriilmektedir. Ayrica
istenilen ac1 degerlerini girmek, doniis yoniinii degistirmek
ve sistemi yeniden kurmak i¢in tus takimi ile LCD ekran
icin gerekli girig ve ¢ikig birimleri verilmigtir.

2.5. Tasarlanan sistem

The open circuit diagram which belongs to the driver
and control of the designed system has been given in
Figure 4. In this diagram the required environment
elements for microcontroller and bridge transistor circuit
which helps to motor work and change direction are seen.
Besides to enter demanded angle values, to change its
turning direction and to reset the system, the required
enter-exit units have been given for LCD screen and
keyboard.

2.5. The designed system

Figure 5. Front view of designed system
Sekil 5. Tasarlanan sistemin 6n goriiniisii

Tasarlanan sistemde istenilen ac1 degeri ileri-geri tuslart
yardimiyla sisteme girilirken ayn1 zamanda girilen bu ac1
degeri LCD ekranin 2. satirina yazilir ve sistem harekete
gecerek gergeklesen ac¢i degeri hem LCD ekranin 1.
satirinda hem de digli gruba bagh kadran ile
goriintiilenmektedir. Bu sistemin bir baska ozelligi de
motora uygulanan PWM sinyali harici bir potansiyometre
ile ayarlanarak istenilen a¢1 degerine hizli bir sekilde
ulasabilmek i¢in motor hiz1 ayarlanabilmektedir. Ayrica
sistemin hareketli kisminda, disli kutusunda yada gosterge
kisimlarinda herhangi bir nedenden dolay1 gergeklesen
acida bir hata meydana gelirse, bu  hata kalibre
potansiyometresi ile mikrodenetleyici referans gerilimi
ayarlanarak giderilebilmektedir.

3.DENEYSEL CALISMALAR

Bir dogru akim ayarlayicisina degisik yontemlerle
kumanda ederek akim ayarlanabilir; Bu yontemlerden
birkaci, darbe genislik modiilasyonu (PWM), darbe
periyodu modiilasyonu (PFM) dir (4). PWM ile PFM
arasinda ki fark; PWM?’ de periyot (frekans) sabit tutularak
darbenin genisligi ayarlanmakta iken PFM’ de ise darbe
genisligi sabit tutulup periyot degistirilmektedir. Bu
caligmada darbe genislik modiilasyonu  yontemi
kullanilmigtir. Cilinkdi degisken frekansli sistemlerde filtre
etme giicliikleri s6z konusudur. Tasarlanan sistemde

At the designed system, when the desired angle values
are entered by using forward —back keys to the system, at
the same time this entered angle value is written second
line of LCD screen and then system start to work and
realized angle value is seen LCD screen and on the dial.
The other specialty of this system is to adjust the PWM
signal by adjusting with external potentiometer has been
applied to the motor to adjust motor speed in order to
rapidly reach to demanded angle value. Besides, if there is
an error in the angle caused by any reason in active, in
gear box or in indicator parts of the system, it can be
removed by adjusting error calibration potentiometer of
the reference voltage of microcontroller.

3. EXPERIMENTAL STUDIES

A current can be adjusted by using different controlling
methods to a direct current adjuster. Some of these
methods are, pulse with modulation (PWM) and pulse
period modulation (PFM) (4). The difference between
PWM and PFM is in the PWM, the period (frequency)
keeps constant and changing the pulse with, in the PFM
keeps pulse with constant and changing the period
(frequency). In this study, the pulse with modulation
(PWM) method has been used. Because in changeable
frequency systems filtering is generally difficult. The
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kullanilan motor DC motorudur. Bu motora uygulanan
gerilim, darbe genislik modiilasyonu teknigine uygun
olarak mikrodenetleyici tarafindan {iretilmistir. Motorun
caligma sirasindaki gerilim ve akima ait dalga sekilleri
asagida verilmistir.

Bu caligmada Sekil 6° da goriildiigii gibi PWM teknigi
kullanilirken sinyalin frekansi 4Khz ya da periyodu 0,25
ms olarak sabit tutulurken darbenin iletim siiresi harici bir
denetim diizenegi ile ayarlanmaktadir.

Ew

motor used in designed system is DC motor. The voltage
applied to this motor has been produced by microcontroller
according to PWM technique. The wave shapes of voltage
and current during the working of motor are given below.

In this study, as seen in Figure 6, when using PWM
technique, while the frequency of signal is held fixed at 4
KHz or 0,25 ms, the conducting duration is adjusted by an
external control equipment.

INANAN

Yoltage W) 8
Zerilim (%)

1 l_'sj

L— DEM+ TS e _.‘

Figure 6. The wave shape of voltage applied to servomotor
Sekil 6. Servomotora uygulanan gerilimin dalga sekli

Sekil 6’ da gorilen PWM sinyali PIC 16F877
mikrodenetleyici tarafindan tepe degeri 5 volt olarak
diretilmistir. Bu sinyalin darbe genisligi, sisteme monte
edilen potansiyometre ile degistirilerek DC servomotorun

The PWM signal with 5 V. peak value seen in Figure 6
has been produced by PIC 16F877 microcontroller. The
pulse with of this signal is changed by potentiometer
mounted to the system and the capture of position speed of
DC servomotor is adjusted

istenilen konuma gitme ya da gelme hizt
ayarlanabilmektedir.
14
08
3 0
E
T30
=
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Figure 7. The wave shape of servomotor current
Sekil 7. Servomotordan gecen akimin dalga sekli

Sekil 6’ da verilen ve motora uygulanan gerilimin
(PWM sinyalinin) dalga boyuna ya da siiriilen motorun
sargl endiiktansna bagli olarak akim ya kesikli ya da
Sekil 7° de goriildigi gibi siirekli olabilmektedir. Bu
caligmada akimin kesikli olmasindan kaynaklan hiz ve
moment salinimlarina mani olmak i¢in motor siirekli akim
modunda ¢alistirtlmigtir.

The pulse duration of voltage applied to motor (PWM
signal) can be continuous as seen in Figure 6 or depending
on the winding inductance of motor current can be
discontinuous as seen in Figure 7. In the study, the motor
has been worked in continuous current mode to prevent
speed and moment vibration caused by the current being
discontinuous.
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Tasarlanan sistemde kullanilan motorun devri 3000 d/d
olup bu devri 3 d/d’ ya diisiirmek ve ayn1 zamanda mil
momentini ylikseltmek i¢in motor miline 9 adet disli
monte edilmistir. Sekil 8’de, mildeki disli durumuna baglh
olarak 1. digliden 9. disliye kadar motor milindeki devrin

The speed of motor used in designed system is 3000
re/pm. In order to reduce this speed 3 re/pm and at the
same time to rise the shaft moment of motor 9 gears have
been mounted to motor shaft. In Figure 8, according to
gear on the shaft, as seen that the speed is reducing from

azaldig1 goriilmektedir. Mildeki devir, motor miline gear 1 to gear 9. The speed on the shaft has been
baglanan bir takometre ile Olgiilmistir. Disli measured with a tachometer mounted to the motor shaft.
mekanizmadaki her bir dislinin devir sayisi, digliye giren The speed number of each gear in the gear mechanism
devir sayist ile dislideki dis sayist arasindaki has been calculated by the ratios ( 1;/r; = Np/N;|) between
(ry/r; = Np/N;) oranlardan hesaplanmistir. speed number entered the gear and gear number in the
gear.
10000 4
E =
=3 1000
2w
o =
20 1004
3 .k
3
IO 04
L1}
[= 1
o
1 T T T T T T T T T 1
r i T T i T T i n T
£ [] [ iS5 [] [ [ [] [ iS5
= - - o =+ W o - o =1
e - e = = o ™~ -
Gears Diisliler

Figure 8. Gear box speed depending on gear number
Sekil 8. Disli sayisina bagli olarak rediiktérdeki devir

....Motor giicli, motor ¢alisirken motor devresine baglanan
ampermetre ve voltmetreden okunan degerler kullanilarak
P = V.I formiliiyle hesaplanmistir. Sekil 9° da motor
miline bagl olarak disli grubunda bulunan dislilere ait
gii¢, disli oranlari, siirtiinme ve mekaniki kayiplar goz
Online alindiginda, 0,74 ila 0,99 arasinda bir kayba
ugramaktadir(5). Bu gii¢ rediiktérdeki 9. disli de 7,44
Watt’ a kadar diismiistiir. Bagka bir deyisle, devir sayis1
azaldikca dislerdeki gii¢c degerleri de azalmaktadir.

100 4

P er QUlate)

Giig(niatt)

....The motor power has been calculated by P = V.I
formula by using the values read on ammeter and
voltmeter which has been connected to motor circuit while
motor is running, The gear power which is in gear group
mounted to motor shaft, gear ratios, frictions and
mechanical losses in Figure 9, has decrease between the
limits of 0,74 to 0,99 on account of gear ratios (5). The
power has been decreased to 7,44 watt in 9™ gear in the
gear box. That is; when speed number decreases, also the
power values in gears decrease.

3 i i
=R -
B 2 3
=
= =
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28 &4 A&
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Figure 9. Gear box power ratios depending on gear number
Sekil 9. Disli sayisina bagli olarak rediiktérdeki gii¢ oranlari
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Motorun anma devir sayisina karsilik gelen giigleri
sabittir. Fakat kayiplar g6z oniine alindiginda az da olsa
bir kayip s6z konusudur (5). Rediiktorlii sistemlerde donen
ve dondiiren digli sistemler vardir. Dondiiren dislinin giicii
Py, dondiiriilen dislinin giicii de P, ile gosterilirse P, ile P,
arasinda iligki asagidaki gibi agiklanabilir (5).

P,=Pm

dir. Burada T sistemin verimidir. Buna gére dondiiren

dislinin donme momenti;

30
M, =>—.
1
T
dondirilen dislinin ddnme momenti ise
30
M, =
2
s

seklinde ifade edilir. 2 ve 3 nolu formiiller kullanilarak
dondiiriilen diglinin momenti de formiil 4 deki gibi olur.

Formiil 5’e¢ gore momentin hesaplanmasinda genel
olarak formiil 2 kullanilirken, pratik hesaplamalarda daha
¢ok Formiil 2 yerine Formiil 5 kullanilmaktadir (5).
Formiil 5° de goriildiigii gibi disli kutusu i¢inde bulunan
her hangi bir diglinin momenti, disli giicii ile dogru ve
devir sayisi ile ters orantili olarak degismektedir. Buna
gore hiz azaldik¢a yani disli orami artik¢a disli donme
momenti de artmaktadir.

95493 £ (Nm.)
n

The power corresponding to rated speed of motor is
constant. But when the losses have been supposed, there
are a little losses. In gear box systems there are both
turning and turned gear systems (5). If P; represents the
power of turning gear and P, represents the power of
turned gear then the relationship between P; and P, can
be explained as below (5).

(1]

Here M is the efficiency of system. So the turning

moment of turning gear is;

P,

n,

and the turned gear turning moment is;

P
2
S (3]
n,
The moment of turned gear can be written in 4" formula
by using 2™ and 3™ formulas.

[4]

When calculation of moment, generally Formula 2 is
used, but in practical calculation Formula 5 is preferred
instead of Formula 2 (5). As seen in 5" formula, the
moment of any gear in gear box has changed proportional
with it’s power and in reverse proportional with is speed
number. Thus, when speed decreases, namely when the
gear ratio increases at same time the gear turning moment
also increases.
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Figure 10. Gear moments, depending on gear number
Sekil 10. Disli sayisina bagl olarak dislerdeki moment
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Tasarlanan sistemde kullanilan disli mekanizmada her The efficiency of each gear in gear mechanism which is
bir disliye ait verim ise Sekil 11’ de gdsterilmistir. Verim used in designed system has been show in Figure 11. The
hesaplanirken 1 nolu formiil kullanilmigtir. Buna baglh first formula has been used when efficiency has been

calculated. Depending on this, efficiency is about 80% in

olarak en son diglideki verim %80 civarindadir.
the last gear.
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Figure 11. Efficiency in gear box
Sekil 11. Rediiktorlerdeki verim

Tasarlanan sistemin istenen ve gerceklesen konum To show the demanded and existed position of designed
durumunu  kullaniciya gostermek amaciyla tasarlanan system to the user; the screen which has been mounted to
LCD ekran ile motorun miline monte edilen kadran Sekil the motor shaft with a designed LCD screen have been in

12 ve 13’de verilmistir.

Figure 12 and 13.
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Figure 12. LCD Screen
Sekil 12. LCD ekran ¢alisma goriintiisii

Sistemden istenilen konum degeri 20° iken olusan ag1 When demanded position value 20 degrees, existed
degeri Sekil 12” deki LCD ekranindan ve Sekil 13’ deki angle value has been showed in Figure 12 and the angle
disli mekanizmaya bagli bulunan kadrandan goriildigi also showed on screen which has been mounted gear

mechanism as 20 degrees in Figure 13.

gibi 20° olugsmugtur.

Figure 13. Angle value of screen, which is mounted on gear mechanism
Sekil 13. Disli mekanizmaya bagli kadranin ag1



Position and Speed Control of .../ Servomotorun Mikrodenetleyici lle ...

4. SONUC VE ONERILER

Bu calismada PIC 16F877 mikrodenetleyici kullanarak
bir servosistemin konum ve hiz denetimi gergeklestirilmis
ve sistemin prototipi iretilmistir. Tasarlanan sistemden
beklenen performansin yerine getirilebilmesi igin PIC
16F877°nin program algoritmasi ¢ikarilmis ve notepad
ortaminda gerekli program yazilmistir. Daha sonra bu
program MPASM ortaminda derlenmis ve olasi
hatalardan arindirilarak hex formatinda
mikrodenetleyiciye yiiklenmistir.

Sistemden istenilen mil konumunu sisteme girebilmek
icin gerekli tus takimi ile istenilen ve gerceklesen mil
konumunu gorlintiilemek i¢in bir LCD ekran sisteme
ilave edilmistir. 3000 d/d olan motor devrini 3 d/d’ ya
indirmek i¢in gerekli disli kutusu tasarimi yapilmastir.

Yapilan deneysel caligmalar sonucunda prototipi
retilen sistemin performansi, digli oranlari/devir sayisi,
digli oranlar/giig, disli oranlar/moment ve  disli
oranlari/verim kriterleri dikkate alinarak
degerlendirilmistir. Bir drnek olarak sistem konumunun
saat ibresi yoniinde 100° dénmesi i¢in tus takimindan
gerekli deger girilmis ve hem LCD ekranindan ve hem de
mile bagli konum kadranindan istenilen degerlerin
gerceklestigi  gozlenmistir.  Buna  gbre  prototipi
gergeklestirilen  sistemin ~ performansinin  tasarim
kriterlerine uygun oldugu sonucuna varilmistir.
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4. RESULT AND SUGGESTIONS

In this study, the speed and position control of a
servosystem has been implemented by using a PIC 16F877
microcontroller and a prototype of system has been
produced. In order to fulfill desired performance from
designed system, the program algorithm of PIC 16F877
has been taken out and required program has been written
in notepad. Then this program has been compiled here in
MPASM and loaded to microcontroller hex format after
wiping out the possible errors.

In order to enter demanded shaft position to the system
by using keyboard and to be able to see the demanded and
existed shaft position, a LCD screen has been added to
system. Besides this a required gear box has been designed
to reduce the motor speed from 3000 re/pm to 3 re/pm.

After experimental studies, the performance of
prototype system, gear ratios/ speed number, gear ratios/
power, gear ratios/ moment and gear ratios/ efficiency
criteria have been taken into account and evaluated. For
instance, in order to turning system position to 100 degree
in the CW, necessary values have been entered by using
keyboard and then these demanded values has been
observed and also LCD screen and as well as position
screen mounted to shaft. So, it is concluded that the
performance of system whose prototype has been
produced is suitable to design criteria. ;
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