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SPEED CONTROL OF MOTOR BY MEANS OF FUZZY LOGIC UNIT AIDED
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Ahstract

Programmable Logic Controliers are microprocessor based control systems which manage a machine or an industrial

foundation by means of change of situations and a program edited before . Basically , a PLC is composed of a

microprocesser , a power supply and input/outpit whits (Kurtulan S. ,1996) . Beside these units mentioned above | some

cartain unity were developed which respond to requirement of faster and more effective processing in industrial

controlling systems . These special units, such as high speed counters , heat controllers and pH controflers increase the

controlling performance of PLCs . Application of fuzzy logic theory in control systems proved te be superior fo the

conventional control systems . Fuggy logic controllers can infer coherent results in uncertain conditions when it is

necessary to control a complex system which is impossible to

model using mathematical ways . In this paper . the

applicability of a special wnit to PLCs were investigated which is controlled by a software that performs Sfuzzp logic

processes , by means of imprevement on a real industrial control systen .

INTRODUCTION

PLC is the most widespread area of
microprocessor applications on industrial control

PLCs can easily process continuous signals
such as speed and heat by means of analog
input/output modules Speed data , that is
acquired from encoder of a motor is sampled by
an ADC on the analog input unit and is
transferred to a memory area as a digital data .

Then it is compared to the set value entered
before .

Requirements of a high performance motor driver
System are below (Lt and Lau , 1989):

* It must foliow the set point variations rapidly
without exceeding boundaries .

¢ Maximum decreasing time of the speed caused
by instantaneous load changes and re-rising
and seiting time must be as small as possible .

e Stable status errors of comment tracing and
load regulation situations must be zero . To
respond these requirements , external feedback
loops are added to the driver system . This 1s
done in PLCs by means of PID subroutines or
instructions .

Because it is unnecessary to model a dynamic
driver system to design a Fuzzy Controller , and
performance of fuzzy controller is insensitive to
change of parameters , it 1s rather suitable for
applications of motor driver sysiems { Lee
11990).

FUZZY LOGIC UNIT

C200H-FZ001 Fuzzy Logic Unit , manufactured
by OMRON Electronics , carries fuzzy logic
processing out in three stages condition part

pracessing , conclusion part processing and
deffuzification processing .




Speed data , obtained from analog input module .
is transferred to the data area of inputs in a 10
words area which is allocated for fuzzy logic unit .

These inputs are evaluated and defuzzification
results are transferred to the data area allocated
for outputs and then they are transferred to analog
output unit (Omron ,1992)

Program and Knowledge Base

There are two software requirements for running
Fuzzy Logic Unit They are ; a ladder
subprogram for PLC and a knowledge base used
in the Fuzzy Logic Unit |

Subprogram for Ladder Diagram

A subprogram must be prepared for transferring
data between PLC and the Unit .This program
can be written by standard transferring
instructions such as ‘MOV * . Four main steps of
this program are as follow - '

¢ The words which is used in input and output
data is specified in the Fuzzy Logic Settings.

e Input data is transferred to the words specified
above .

e Processing-Start Bit is activated to initialize
fuzzy processing

e The output data which is saved in the words
that are specified above is transferred when
the “Results Qutput Flag™ is on .

Tablel. Fuzzy logic settiings

Word Function Value
IR 150 | Number of Inputs (8) cog
IR 151 | First Input Address (DM 0100) 01C0
IR 152 | Number of Qutputs(3) 0003
R 153 1 First Qutput Address(DM 0110) 01i0

Example ladder diagram for transferring data of
system which has 8 analog input and 3 analog
output to relevant areas is shown below:

00000 MOV(21) b - p Transter

_E t HOOO k- & Number of inputs

15 |- 4 Tothe area 150

MOV(21) +-+ Transfer

S 010 t--» Starting address of inputs

15 |- 3 Tothearca 151

MOVE2L) |- Transter
#0000 b - #Number ol Outputs

15 +-+Tothearea 152

MOV(21) |-+ Transter

— HO11 |- Starting address ot outputs

15 p-+Tothearea 153

Figurel. Example Jadder diagram

APPLICATION: CONTROL OF
CONVEYOR SYSTEM

In this application , Fuzzy Logic Unit is used for .
controlling of two conveyors which are used for -
packaging products . Products are carried at:
irregular intervals but at a fixed speed omn
conveyor A . Boxes are carried at regular
intervals on conveyor B . which processes"
parallel to conveyor A :

Fuzzy Logic Unit allows to synchronize the
arriving time of products and boxes to assemble ;
area by means of adjusting speed of Conveyor B .«

Required information are the distance betwee
the product and the box , the change of rate 0
the distance ( Ross ,1995).
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The distance to the first photoelectric sensor
(PH2) that the box is carried on the conveyor B
is determined , before the product reaches to the
first photoelectric sensor (PH1) on conveyor A .
The distance can be calculated by the rotary
encoders and High Speed Counters mounted at
the back of motors . The distance is called to be
product/box offset .

This offset determines the main fuzzy linguistic
rules of the system . They are as follow :

“ If the product/box offset is large , then slow
down conveyor B .7
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“ If the product/box offset is small , then don’t
change conveyor B’s speed much 7

Fuzzy logic processing runs under these rules and
the rules related to the change of rate of the
product/box  offset allows us very smooth
adjustment of conveyor B’s speed .

Forming of Knowledge Base

Input Data : Input data of product/box offset is
calculated by means of taking relative position of
product to box (E) as shown below .

E= ( Rotary encoder A valuc } - (Rotary encoder B
value ) (1}

Input data for change of rate of offset (AE) , is
the difference between the last value of E | (E,)
and the previous value of E | (En.1)

AE=(Bq) - (En 1)) (2)

Membership Functions:

The figures shown below represent condition and

conclusion membership functions Condition
membership functions represent product/box
offset and offset change of rate . Conclusion

membership function represents conveyor B
speed adjustment (Bose and Sausa , 1994).
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File: TASIVICE Bik MHamz! i/P Hol H Signal: E
Label TNB 3[HG 3T 1i8c I PO I[P 1 MF Rangu 8- 4695

Rel Range: -
Wi a 1 1025 e
LY 1.8 1.88 &.88 ——— $hift = EC N

1.88F -, Ka
/\ _:/ ‘-\‘. ,/
\ . & " . i
N AN
/ / //; \\‘ :
N/ )
B.28 VA

A
) T

]

Edit
1 Copy 2Delete 3 Bangs 4 Edft 5 Shift & Zaon  7Prv Slybhxt Sig¥ Grade B Frev

Figure 4. Membership functions for product/box distance
offset '
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Converting to Labels : So . input data ,output
data and expressions in the table above are
converted to labels as shown below :
Input Data :

Product/box Offset . . E

Offset Rate of Change : DE (AE)

Output Data :

Speed Adjustment of Conveyor B

Expressions above can be converted to labels as
shown below :

Table 3 . Rule Base

variable that adjusts speed of conveyor B

Forming Of Rules

Expressing The Rules : Rules are

a way may be followed such as below :

Table 2. Organizing the rules

created by
organizing our information and past experiences
about a system , with expressions which is being
used in daily life . In organizing these expressions

E NB NK sC PR rs
DI

rn NB NB NK PR PO
YK NB NO NK PK PO
sC NO NK SC PK PO
NK NO NK PR PO PB
NB NO NK PX PO PB

Simulation Results

Rdn Hepchims Youbier Bopobawn Smision Opimeen join 3

RS et T

| Sieszite

| E Box is ahead About even Product is ahead
Ax ,
Boxis | Slowbox | Slowbox | Slowbox a Speed it | Speed it
faster alot alot little upa up
tittle
Slowbox | Slowbox | Slowbox a Speedit | Speedit
alot little upa up
little
About | Slowbox | Slowbox i Donat - Speedit | Speedit
even a little change upa up
little
Slow box | Slowbox | Speedit up Speed it Speed it
a bittle a fittle up up a lot
Boxis | Slowbox | Slowbox | Speedit up Speedit | Speed it
slower a fittle a little up up a lot
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Figure 7. Operations and results of simulation
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Figure 8 . Simulation result

Because of limitations in simulation program
which can not define more than 5 labels, Label of
Negative Medium (NO) and Label of Negative
Small (NK) are called as Negative Medium (NO).
In the same way Labels of Positive Medium (PO)
and Positive Small (PK) are called to be Positive
Medium (PO). Although reducing of sensitivity
for controlling the process shown in Figure 7.a
and in Figure 8 , it reaches to set value without
oscillations as shown in Figure 7.b and Figure 8.
Rule base is shown in Figure 7.c. Conditions
membership functions of offset, rate of chance of
control output for speed of conveyor B are
shown below in Figure 7.d.

PL.C Program

Steps , used for PLC subprogram concerned with
control of conveyor system are shown below.
They may be put in practise either with ladder
program or with instrucion set.

Program Steps :

1. Servo drivers being started .

2. Starts input for High speed counter A and B .

3. Writes the present count for high speed
counter A and B to other Data areas.
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10.

12.

13.

14.

15.

16.

17.

18.

Present product/box offset is calculated and
refreshed in certain periods.
Rate of chance of offset is calculated.

Product/box offset data is tried to be centered
about 2048 which represents label Zero (E is
centered about zero).

Rate of chance of offset data is centered
ahout 2048,

Number of inputs and first input adress is
entered.

Number of outputs and first output adress is
entered.

Product/box offset data is moved to the first
input address.

‘Rate of chance of offset data is moved to

second input address.

Start Processing Bit to initialize fuzzy logic
processing is turned on .

Fuzzy Logic Units output is converted to
BCD.

2048 value is subtracted from Fuzzy Logic
Units output to calculate the control value .

Servodriver A data and servodriver B data
(converted by the Analog Input Unit) are
moved to a Data Areas which will be used
later .

Analog Input Unit data 1s read .

Analog Input Unit data is moved to Analog
QOutput Unit .

Output to conveyor B is calculated by adding
or substracting the fuzzy logic final result to
the conveyor A value according to speed of
the box which will be reduced or increased .




19. Qutput for Conveyor B is transferred to
Analog Output Unit .

CONCLUSION

PLCs are industrial control system and they have
an important role especially for medium and large
scaled industries . Nowadays using fuzzy logic
for control is on the point of one of the most
popular control methods and industry has great
expectations . In this study the applicability of a
special unit to PLCs were investigated which is
controlled by software that performs fuzzy logic
processes . Therefore , with the help of fuzzy
logic theory , some examples and concepts in
OMRON manuals tried to put in practice on an
actual industrial control trainer set which was
used for PLC applications . Combinations of
fuzzy logic control and conventional control
approaches may prove the best solutions.
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