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ABSTRACT

Automation and control is becomes more popularehdays in industrial domain. Devices are controlled
automatically and functioning according to computgerface guidelines. DC motors are frequentlydudevice in such

kind of industries for automation purpose.

For a more efficient speed control, closed looptidrsystem of the servo motor is realized with liedp of relay
and pole placement method. In this paper we usesfea function to analyse of DC Servomotor. Thesogabehind it,
transfer function is a elegant method of handlimm-mero initial condition and it also can handleltiple source
(multiple inputs), can solve for multiple outputny voltage and current)- MIMO system. For studg arperiments use
PID controlled closed loop system. The completéesgsorganization and simulation of the proposedesyds described
in details. The performance of the designed systeevaluated here. Simulation of the system is donMATLAB
Simulink. In this project, we have achieved contodl “dc servomotor using relay and pole placememrthnd by
MATLAB Simulink”.
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INTRODUCTION
Mathematical Modeling of DC Servo Motor

Figure 1
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Circuit Analysis
Tn=023(1) @
Since @ is constant equation (1) is written as
T = Kiis(t)
Wherek; is the torque constant in N-m/A.
Starting with the control input voltagg (t), the cause-and-effect equation for the motauii in figure are:

The KVL Equation for the above Circuit

dig(®) _ 1 _ Raia(t) _ ep(®)
dt  Lg ea(t) La La

The Back EMF is Given by

dOm(t)

ep(t) =K, ot

= Kb W (t)

Combining these two equations and taking the Lapteansform,

_ (Eq—Kpwm)
Ia(S) N (Ra+sLq)

The torque equation
T (t) = Kiig(t)

— k. 5 Ea=Kpom)
Tn(s) = Ki X (Rg+SLq)

The Mechanical Equation

d20,,(t) 1 Ti(t)  BmdBOm(t)
dt? Jm m(6) Jm Jm

(WhereT,, (t)represents a load frictional torque such adarob friction)

1 (Eq—Kpwm) Ty 1
Sty = — [k x Etoem) _IL_ L p
m Jm L (Rq+sLq) Jm  Jm T
om(S) _ K;j

eq(S) UmLaS?+(UmRa+BmRa+BmLa)S+KiKp)

This is the transfer function for the servo motemg the speed control method, where speed is utmiband

voltage as the input.
DATA ACQUISITION THROUGH THE PCI CARD (PCI 1716)

PCI-1716 is powerful high-resolution multifuncti@mards for the PCI bus. They feature a 250 kS/sitL&/D
converter, and an onboard 1K sample FIFO buffer AD. The cards can also have up to sixteen sieghied or
eight differential A/D input channels or a combipatof these; two 16-bit D/A output channels, 1§it@l input/output

channels, and one 10 MHz 16-bit counter channdk1FT6 is provide specific functions for differamger requirement.
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Running the Motor in Open Loop
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Analog Output Block

Elock Parameters: Analoeg Output = = =3
— RTwin Analog Output (mask) Clink)
Feal-Time Yindows Target analog output unit.

— Data acquisition board

Install new board Delete current b

= no board selected = -

— Parameters
Sample time:

0.1

Output channels:
1

Cutput range: to -
Block input sianal: | wolts -
Initial walue:
Final walue:
oK || cancet || Hew || appiy
Figure 4
Scope
e L TR T R Ty =
85 LN AGE S8 S

Figure 5

In the given case, from the open loop responsheofotor, it is seen that the output (yellow liné}he motor in
open loop, does not track the input/reference sigmaen line). So, the motor needs to be runased loop configuration.
Calculations of Desired Transfer Function with Helpof System Identification Tool

Transfer function modeling of the plant is one loé tnethods. It is also an elegant method of hagdion-zero

initial condition and MIMO system. A transfer fuiat is a mathematical representation, in termspatial or temporal
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frequency, of the relation between the input anghatuof a linear time-invariant system. The tran$émction that relates

the input voltage and the speed of the DC servamista second order one. This transfer functiam loa estimated in

MATLAB using the System Identification Toolbox.

Step 1
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Estimated Output

» With the chosen configuration of 1 zero and 2 potesl no delay or integrator, as shown above, & fliesf

100% is obtained. This is a satisfactory estimation

» If the fit had been less than satisfactory, theanging of the configurations would have been reglLiOnce, a

satisfactory fit is obtained, the next and fin&ipsts followed.

» For the fit of 100% shown above, the transfer fiomcparameters are:

. Kp = 0.74153

. Tpl = 0.30208

. Tp2 = 0.0012424
. Tz = 0.039167

» And the corresponding transfer function is:

0.02904 s + 0.7415

0.0003753 "2 + 0.3033s + 1
RELAY OSCILLATIONS METHOD

Here relay act as a bang-bang control, where whatthe response, the relay block pushes it in fhosite

direction. Doing so the magnitude of output is fix&@his gives automatic oscillations of the procasput.

N
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Figure 10
The Scope Output Showing the Relay Output and therBcess Output is as Shown Below

Say, the relay output (shown in green) oscillatéh awn amplitude of d, and the process output (showblue)

oscillates with an amplitude of a.
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Figure 11

Here the output (pink line) of closed loop systeaesh’t follow exactly the input from the signal geator

(yellow line).

Pole-Placement Method
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Figure 12

For this system, the open loop transfer functiogiven by:
G = G(PID) X G(MOTOR)

Where

G(PID) =Kp+(K;/S) + K; S)

G(PID) = KpS + K; + K;52)Is

.029s+.74
.004s2+.3s5+1

And G(motor) =
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_ (KaxS%+Kp+K;)(03xS+.74)
(.004Xx5240.3+1)

G

_ [0.03Kgx53+(0.03XKp+0.74XK 3)XS2+(.03XK;+0.74XKp) XS +.74XK;]
(.004Xx52+0.35+1)

And the feedback transfer function H = 1

So, the characteristic equation in terms of PIDhvg# given by:

1+GxH=0

0.0045%+0.3x S+1+0.0%,; x §3+(0.03x K,,+0.74x K;) x $?+(0.03x K;+0.74x K,,) X §+0.74x K ;= 0

0.03¢, X 3+ (0.03« K,,+0.74x K;+0.004) S?+ (0.03x K;+0.74x K,) X S+ 0.74< K ;= 0 2)

Let us consider the desired poles are (-3+) aBg)(-But, since the characteristic equation isicepuation, so
another pole needs to be chosen such that it duesffiect the speed of the response, and alsomtdsring about much
change in the overall system-response. For thisedds to be located at an optimally large distdra® the dominant
poles. Let, the third pole is at (-10). So, theimescharacteristic equation is:

(S+10)(S+3+J)(S+3-J)=0
(S+10)62+6S+10)=0
(S3+1652+70S+100=0 (3)

Comparing the characteristic equation in termsIbf gains (1) and the desired characteristic eqnaf),

Kp = 0.34; = 0.09%, = 0.024

Closed Loop PID Controller

SE LEDL AR AW

Figure 13
When this model is run, the output (yellow line)thé closed loop system is seen to closely follbw input
(pink line) from the signal generator. This indesbptimum performance of the system.
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CONCLUSIONS
By the mathematical analysis of DC SERVOMOTOR, aad that the system was second order.
After that we used Peripheral Control Interfacimyide (PCI- 1716) for data Acquisition.

Additionally to achieve more accurate system, tymtesn was modelled using System Identification Boalof
MATLAB, and a PID controller was designed for thedel.

After that PID controller was designed for the cohof speed of motor and environmental error ak&§cst relay
and another pole placement method. Then the syisteum in closed loop configuration. It was obsertkat the speed

output of the closed loop control system succelystiidcks the reference.
REFERENCES
1. INTRODUCTION TO MATLAB, SIMULINK, AND THE COMMUNICATIONTOOLBOX,
www.eem.anadolu.edu.tr/nat/EEM%20496/icerik/Expernits200. pdf
2. MATLAB. (n.d.). MATLAB Help. Retrieved from
http://www.mathworks.com/help/toolbox/rtwin/ref/gatoutput.html
3. MATLAB. (n.d.). Retrieved from http://www.kxcad.rieae_MATLAB/toolbox/rtwin/ug/brb_e3z.html

4. Stefan Hesse, Henning Schmidt, Cordula Werner aniiaABardeleben “Upper and lower extremity robotic
devices for rehabilitation and for studying motontrol”, DOI: 10.1097/01.wc0.0000102630.16692.38

5. Akhilendra Yadav, Gurleen Kaur, Akanksha Sharma CROCONTROLLER BASED OPEN-LOOP SPEED
CONTROL SYSTEM FOR DC MOTOR?”, IJREAS Volume 2, Issbi (June 2012) ISSN: 2249-3905

6. DC SERVO MOTOR SPEED CONTROL BASED ON UDP COMMUNITKON by Mr. Rashmi Ranjan
Maharana and Dr.Ravi Sindal-pdf file

7. www.advantech.com/ pcicard_1716/518.pdf

8. Thesis_Srinibas_Bhuyan_608EE308/Development andr@af Networked Servo System

Impact Factor (JCC): 2.4886 Index Copernicus Value (ICV): 3.0



