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ABSTRACT

For the past years DC motors are widely used in industries. There mainly preferred due to the fact that they offer
good speed controllability. Most of the applications require precise speed control and accurate dynamic
performance. A normal DC motor available in the market can not satisfy the requirement of the industry due to the
problem of torque controllability. Hence in order to improve the dynamic response of the DC motors controllers
are introduced. In this paper the actual timer response of the DC motor is experimentally determined using the
transfer function and the time response analysis is done by the introduction of different types of controllers. From
the analysis an efficient controller is proposed. Matlab simulink is used as the analytical tool to measure the time
response of DC motor.
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INTRODUCTION

In recent years DC motors are widely used in rasdbiecause of their small size and high energyubuihey are
excellent for powering the drive wheels of a mobideot as well as powering other mechanical assemblt is
often demanded in the industries that the drivaughbave efficient speed control in lesser time atehdy state
performance as quick as possible [1]. In ordemniprove the time response of the DC motor contrsltes been
introduced in this paper. A detailed analysis @& tontrollers illustrates the effectiveness of itherovement in
both transient state and steady state behavidreoDC motor. For analytical purpose the individefiéct of each
controller the following cases has been discussed.

* Proportional Controller

» Derivative Controller

» Integral Controller

» Proportional plus Derivative Controller

» Proportional plus Integral Controller

» Proportional, Integral & Derivative Controller

MATHEMATICAL MODEL

In order to measure the time response of a DC nibiernecessary to obtain transfer function of B@ motor.
Transfer function is obtained by conducting theespeontrol test on the DC shunt motor [2]. In théper speed
control of the DC motor by armature control methedroposed. The transfer function equations ateioéd
using the mathematical equations as given below.

The DC motor mathematical equations consist oftEted model and mechanical model. The Electricplaions
of DC motor is given by

dl
V,=1,R+L,—*+E 1
a aRa adt b ()
dé
E =K,— 2
o = B g )

where, 4 is the armature voltage, it the armature current, s the back emf andKis the back emf constant
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Mechanical equations are given by,

2

ST o
dt dt

T =K, 4)

where,J is the moment of inertial of the DC mc, B is the friction in rotating parts of the mc, T is the torque and
K; is the torque constant.
On combining the elexdtal and mechanical equations the transfer funatiguation obtained is as bel

6(s) _ K,
V,(5) (R, +5L,)(Js* +Bs) + K,K,s

From the transfer function model the time resparsdysis can be performi
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Fig. 1 Mathematical model of DC M otor Fig. 2 Experimental circuit for speed control test

EXPERIMENTAL EVALUATION OF TRANSFER FUNCTION OF DC MOTOR

The speed of a DC motor is directly proportionabtmature voltage and inversely proportional to flu the field
winding. In armature contriedd DC motor the desired speed is obtained by mgrthie armature voltage [3][4]. Tt
speed control system is electro mechanical corsystem. The electrical system consists of armaamek field
current. The mechanical system consists of rotapiar of the motor and the load connected to the shdfe
experimental circuit for conducting speed contesttis shown iiFig. 2. The following table 1 shows the readir

taken for the experimental analysis.
Table-1 Experimental Readings of DC M otor

S.No. la Ea N (rpm) Ep @ T
1 0.517 204 3000 202.24 314.1% 0.3:
2 0.512 201 2970 199.25 311 | 0.32
3 0.505 198 2920 196.28 305.78 0.3z
4 0.499 191 2830 189.3 296.33 0.31
5 0.492 184 2740 182.32 286.93 0.31

Back EMF Constant
The value of back emf constant is evaluated bytiplptr graph between speversus bck emf as shown iFig. 3.
By calculating the slope of the graph back emf tamtsK,, is calculated.
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Torque Constant
Torque constant is calculated by drawing a graptvdéxen armature current Vs torque as showFig. 4. The torque
constant is calculated by finding the slope ofdheph plottec

TIME RESPONSE ANALYSIS

Time response analysis of a given system can lerrdigted by converting the transfer function equatio the
variables in terms of time by taking inverLaplacetransformations. From the equation various time aor
specifications such as delay timeseritime, peak time and settling time carcalculated. Initiall' the time response
of the original motor wasalculater using MATLAB and the variation of amplitude withspect to time on th
application of step input signal is shownFig. 5. It is oberved that the system takes 8 seconds to 10 setm

settle to its final value. During that time the B@®tor may not operate at the desired s
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Fig. 5 Timeresponse of actual DC motor Fig. 6 Controller Block Diagram

Controllers
Controllers are designed to eliminithe need for continuous operator attentiGruise control in a car and a hot
thermostatare common examples how controllers are used to automaticalgjust some variable to hold
measurement (or process varighitea desired variable (iset-point)
* When utilizing the PID algorithm, it is necessaoydecide which modes are to be used (P, | or D)thad
specify the parameters (or settings) for each nusee
» Generally, three basic algorithms are used: for PID.
» The variable being controlled is the output of ¢batroller (and the input of the plan
» The output of the controller will change in respats a change in measurement o-point (that said a change
in the tracking error)

P - Controller
The proportional term produces an output value thgiroportional to the current error value. The prapnal
response can be adjusted by multiplying the erya bonstant Kp, called the proportional gain cant
The proportional term is given by:

P = Ke(t) 6)
A high proportional gain results in a large chamg¢he output for a given change in the errorhi proportiona
gain is too high, the system can becornstable (see the section on loop tuning). In ceht@small gain results
a small output response to a large input error,afeks responsive or less sensitive controllethdfproportiona
gain is too low, the control action may be too dmdier responding to system disturbances. Tuning theody
industrial practice indicate that the proportioteaim should contribute the bulk of the output cteiFig. 7 shows
the variation of the amplitude with respect to timteen P controller is added tce DC motor. It is observed that
adding P Controller setting time is decreased bysifstem presents more peak overs

D - Controller

Plot of PV vs time, for three values of Kd (Kp afidheld constant) The derivative of the processreis calculted
by determining the slope of the error over time andtiplying this rate of change by the derivatyain Kd. The
magnitude of the contribution of the derivativenteio the overall control action is termed the datiie gain, Kc
The derivative term is given by:

D, =k, 30

7
ot ()
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Derivative action predicts system behaviour and timproves settling time and stability of the syst®erivative
action is seldom used in practice though - by ostamate in only 20% of deployed controllers becaabéts
variable impact on system stability in real-worfgphcations. For example, in the presence of sem@rasurement
noise the derivative action will be erratic and eatually degrade control performance or stabiliigrge, sudden
changes in the measured error (which typically oedoen the set point is changed) cause a suddeg &ontrol
action stemming from the derivative term, which gamder the name of derivative kick. This probleam de
ameliorated to a degree if the measured error $squhthrough a linear low-pass filter or a nonlin@at simple
median filter. Fig. 8 shows the variation of thepditnde with respect to time when D controllernigroduced to the
DC motor. It is seen that the peak overshoot isedmed and the amplitude is increased but theysttate value of
the motor is falling. Hence D controller only impes the transient response but creates a negatpect on steady
state response.
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Fig. 7 Timeresponse of DC motor with P-Controller Fig. 8 Timeresponse of DC motor with D-Controller
Step Response Step Response
2 ; ; ; 14 \ \ \
| | | | | |
| | | | | |
: : : 120 oo oo oo
| | | | | |
15 ,,,,,,,, L __ J e — | |
: : : Lp--=--- oo e e
° | | | 0 | :
E : : : so8 e oo e
= T VT T 7 = : : :
£ | | | £06 SRREEEES R RRRRRE
< | | | < | | |
| | | | | |
| | | 04 ,,,,,,, - - L - |
0.5F -~~~ A IR REREEES - | | |
| | | | | |
‘ | | 0.2~ /b R TR
| | | | | |
| | | | | |
O 1 1 1 O 1 1 1
0 0.5 1 15 2 0 0.5 1 15 2
Time (sec) Time (sec)
Fig. 9 Timeresponse of DC motor with I-Controller Fig. 10 Time response of DC motor with PI-Controller
| - Controller

Often control systems are designed using Integoait!©l. In this control method, the control systeats in a way
that the control effort is proportional to the igital of the error.

low = K, [e(t)t ®)

Fig. 9 shows the time response of the DC motor ddirg Integral controller. It is seen that the aitople of the
system is increased and the steady state resporesgched after a time delay.

PI- Controller

The combination of proportional and integral terisiémportant to increase the speed of the respandealso to
eliminate the steady state error. The PID contrdileck is reduced to P and | blocks only

The proportional and integral terms is given by:

Plo, = K,r(t) +K, [e(t)dt )
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Fig. 10 shows the time response of DC motor with Pl rdletr. It is observed that the settling time islweed
gradually without losing the steady state value mbempared to | controlle

4.6 PD Controller
The performance of the DC motoranalysed with the combination of proportional pligsivative controller. Th

mathematical equation is given by
PD,,, = K, (t) + Kd% (10)

The time response is as showrFig. 11. It is analysed that the speedtaf response is increased significantly
the steady state value drastically increases witbettling in finite period of tim
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Fig. 11 Timeresponse of DC motor with PI-Controller

PID Controller

A proportional-integralerivative controller (PID controller) is a contrimlop feedback mechanism (controll
widely used in industrial control systems. A PIDhtoller calculates an "error" value as the differe between
measured process variabledaa desired s-point. The controller attempts to minimize the erm outputs by
adjusting the process control inpLThe PID controller algorithm involves three separadnstant parameters, €
is accordingly sometimes called th-term control: theproportional, the integral and derivative valuesnated P
I, and D. Simply put, these values can be integaréh terms of time: P depends on the present,drram the
accumulation of past errors, and D is a predictbfuture errors, based on cent rate of change. The weight
sum of these three actions is used to adjust theeps via a control eleme

The mathematical equation governing PID contrgjiven by

PID,, = K,r(t) + K, [e(t)dt + Kd% (11)
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Fig. 12 Block diagram of PID-Controller
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From the time response graph obtained Fig. 13avident that on combining proportional, integnadl a@erivative
controllers the steady state response as wellasahsient response of the system increases antsge be the
best controller for improving DC motor performance.
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Fig. 13 Timeresponse of DC motor with PID-Controller
CONCLUSION

The transfer function of the DC motor was experitaly determined using speed control of motor usingature
control method. From the result the time resporfsthe@ actual machine was determined. It is obsethatl the
original machine takes more time to settle to adyevalue. Different types of controllers are idwoed for the
existing motor model and the time response wasutztd using MATLAB. It is found that on using tfRdD

controller both steady state response and transspbnse of DC motor was improved.
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