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EE 332
CONTROL SYSTEMS LAB
(Common to IE & FEE)
Instruction 3 Periods per week
Duration of University Examination 3 Hours
University Examination a0 Marks
Sessional 25 Marks

List of Experiments:
Characteristics of D.C, and A.C. Servo motors.

Characteristics of Synchro Pair.
Frequency response of compensating networks.

Step response of second order system.

e 8 e

[).C.Positon Contral Syster.

6.  A.C.position Control System.

7. Closed loop P, PI and PID Controller.

8.  Step response and Frequency response of a given plant.
9.  Design of lag and lead compensation for the given prani.
10. ON/OFF Temperature Control systems.

11. Temperature control system.

12. Level Control system

Note : Atleast 10 experiments should be ¢onducied i the Semester.
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LIST OF EXPERIMENTS

CONTROL SYSTEMS LAB(EE332)

1. Characteristics of DC Servomotor.

2. AC Position control system.

3. DC Position control system.

4. ON/OFF Temperature Control system.
5. Step response of second order system.
6. Characteristics of AC Servomotor.

7. Characteristics of synchro pair .

8. Frequency response analysis of LEAD compensatitgank

O

. Frequency response analysis of LAG compensaghgork
10.Temperature control system using PID.
11. Level control system.

12. Step response and frequency response of a giaen
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analysis of a plant
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EXPERIMENT -1

CHARACTERISTICS OF DC SERVOMOTOR

Aim: - To find speed-torque characteristic of D.C servanot
Apparatus: - D.C servomotor set up, multimeter, connecting svire

Theory: A D.C motor can be controlled by varying either fieéd current o the armature current.
The types of D.C servomotors are series motorshhat motors and the permanent magnet (PM)
motor. These motors offer higher efficiency than®a@ motor of the same size, but radio frequency
interference is a problem in some applications.

In its general form of constructior tbeparately excited motor is similar to the semesor,
but armature and field circuits are separated,robhbting applied either to armature or field.

Field control may utilize connectiointioe amplifier single ended or more frequentlytpus
pull, requiring the centre tapped arrangement. draatage is gained over the series connection in
avoiding the larger currents required to drivedhmature. The field power is only a small fractadn
the armature power, which implies a power gairhangystem.

The field control machine requires astant current supply to its armature, often
approximated by a constant voltage connected thrauggh external series resistance.

This device, which is relatively sira@nd inexpensive, leads to some waste of power in
resistance drop and possibly, problems of heatpdissn, but in small machines this is usually

unimportant. The closeness of the approximatioreddp on motor running at low enough speeds fof

the armature back emf to be small compared witlstipply voltage.

Armature control, though it requiregher current handling and current reversal, presid
nearly ideal linear performance. This linearitahieved through excitation of the field under dixe
condition, so that magnet type characteristicotdmposed on the machine. More over as the
armature circuit posses a similar time constant tha field, a faster response can be obtainesl. It
noteworthy that the constant field connection giveshine performance equivalent to the permaner
magnet motor.
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Block Diagram Of DC Servomotor

SW

0TO 30 VOLTS ARMATURE VOLTAGE (WITH SOFT START SYSTEM)

L;{EFGU&L“NG POT
{ }

Bridge .
AC.| e & Regulator

M1 CAL SPEED INDICATOR

M AL ] F1 -
= h + 1 | +A1 s
Bridge FUSE RPM
Rectifler & U
FlHar
PULLEY
_ D.C.SERVO
£1'MOTOR
P2
FIELD VOLTAGE
COTROL
P1-SPEED CONTROL
P2-FIELD VOLTGE CONTROL

P3-TACHO CALIBRATION POT(inside the panel)

BLOCK DIAGRAM FOR D.C. SERVOMOTOR SPEED TORQUE CHARACTERISTICS SET UP

Procedure-

Armature Control:

=

w

©oNo A

Adjust T1 at setting with the help of knob K.

Ensure the POT P1 (speed control) is in the maxirantinclock wise position. Switch on
supply.

Connect a digital or analog Multimeter across #rentnals marked armature to measure
armature voltage in the range volts.

Adjust P1 and P2 so that Va= and Vf= volts.

Note down T1, T2 and speed and enter the resulteitable 1.

Adjust TL up to in the steps of to get adetadings.

Now for Va= volts etc repeat step no 6.

From table no 1, plot the speed torque charadtesist
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FIELD CONTROL METHOD

1. You may repeat above steps for various valuesetd fioltages by controlling POT P2 and
keeping Va at volts.

Table 1: For Armature Control

Radius of pulley=R= 3.53cm
Field voltage Vf =16v

Armature voltage Va=13v

S.No T1lgm T2 gm T1-T2gm Torque | N(r.p.m) la Amp
(T1-T2).R

Table 2: For Field Control

Field voltage Vf =16v

Armature voltage Va=15v

S.No T1lgm T2 gm T1-T2gm Torque | N(r.p.m) la Amp
(T1-T2).R
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Precautions:

1. The speed control knob should be always in the mtstlockwise position before switching
on the equipment.

2. In order to increase the armature voltage, rdteenob in the clockwise direction in a
gentle fashion.

3. In order to increase the load on the servomotarsadie knob.

Result: Torque-speed characteristics of D.C Servomotoiffgrent Armature voltages and Field
voltages are plotted.
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EXPERIMENT NO: 2

AC POSITION CONTROL SYSTEM

Aim: To study A.C position control system.
Apparatus: A.C position control system unit.

Theory: - A pair of precision servo potentiometers is workasgan error detector. The potentiomete
marked as INPUT POTENTIOMETER translates informatiegarding the desired angular position
into a proportional A.C voltage. The potentiomatearked OUTPUT POTENTIOMETER converts
the information regarding the present position @&chanical load into a proportional A.C voltage.
Note that this pair of input And output potentiosrstis excited by a 6 volts 50 Hz supply. {V {t}}.

Any difference of potential between the wiper cotgaof servo potentiometer is amplified by meang
of A.C power amplifier. The power amplifier outpattivates the control winding of the A.C
servomotor {2 phase}.The other is activated {refieewinding} by means of fixed AC voltage. The
load to be positioned is coupled to the output tslohfthe output servomotor and gear train
combination. The same shaft is also coupled t@thput potentiometer.

This position control system works to make the athaft position identical to the input shaft
position. When the output shaft is being positigried mechanical load is also moved to a new
desired position thus making error voltage alwa®zThe system works to make the error voltage
zero after disturbance.

Block diagram of A.C position Control System:

/ 24V FIXED A.C-.

REFERENCE
WINDIN
CONTROL WIND.

(o=

TWO PHASE A.C-MOTOR

ERROR PRE AND POWER

RIIAL - AMPLIFIER

A.C« AMPLIFIER

TP1
x | +
REFERE N’ﬁE INPUT \.
L
o '/ TP3 BJ
¥ L

LACK

N
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Procedure-

PowpbdPE

5. Enter the observations in the tabular column givelow. You may repeat the observations with
lower amplifier gain, to observe that there is tge&rror, with higher gain {i.e. maximum gain}
you may note that the output pot indicates sustioseillations.

6. You may use the test points black, TP1, TP2, TPIPhk Black- Excitation voltage for
potentiometer system.b.TP2-black —Variable point oteptial for I/P pot.c.TP3- Black-
variable point potential for O/P pot. Note that BX&TION point {TP1-black} for O/P pot is
floating with respect to the main ground.

7. Green terminal on the left hand side indicates ngaound of the system. You may connect
C.R.O across the TP4 and ground {green terminaP5and ground to observe the A.C
preamplifier output and servo amplifier output redprely.

8. Please note that the switches SW1 SW2 and SW3naseries with A.C preamplifier, servo
amplifier output and at the input of the A.C senatan reference and control winding

Observation:

Sl. o/P
I/(F)’Sﬁ\ir(])?]ular Angular Remarks
No [P position
Precautions:
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Switch ON the AC main supply, Switches SW1, SW2 8kd3 should be in the ON position.
Observe that the input and output potentiometemsecio alignment.

Keep the gain pot in almost in maximum gain pogifid\Imost fully clockwise position}

Take the input potentiometer to the starting positie. very near to the zero position. The outpu
potentiometer will also follow the input potentiotee till the null indicator indicates null
position.

—r

1. If the Red LED is not glowing, check for the frgranel fuse {D.C fuse}.If it blows again; do
not switch ON the unit.

2. The Switch SW3 is connected in series with A.C seretor windings. The same may put in
OFF condition when the unit is not being used.

3. Do not try to rotate the o/p by means of the knplnénd

10
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Result- Ac position control is studied for various gaardl it is observed that error is high for low
values of gain and error is less fo high valuegaon.

Discussion of ResultThis position Control system works to make thgatishaft position identical
to the input shaft position. When the output skelfieing positioned ,the mechanical load is also
moved to a new desired position thus making erottage always zero.

11
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EXPERIMENT NO: 03

D.C PO3DN CONTROL SYSTEM

Aim : To study D.C position control system.

Apparatus: D.C position control system unit.

Theory:

The D.C Position control system is so called beedlie D.C signals exist in the system. For exampl
if the reference input and the controlled outpwe eonstant values a straight line can graphicall
represent the actuating signal.

The signals in the other part of the system carepeesented in the similar manner. For D.C voltag
controlled system, the actuating signal e [t]is.€ Doltage. In the simplest form the output positio
and the reference position oland 02 are measurédc@ampared by a potentiometer pair whose
output voltage is proportional to error in the alagyosition. The error voltage is amplified and

applied to servomotor whose positions the load thedoutput potentiometer such that the error i$

reduced to zero.

NEED FOR STABILIZATION

With switch SW1in open position and the step changée input shaft, the output shaft exhibits an
oscillating behaviour. This happens because ofsilstem elements, which are capable of storin
energy i.e. capacitance, inductance inertia of mgpeomponents like rotor, load, gear train etc.€nc
the system is excited by change in the input sjghalvarious elements begin to store energy, dven
the error voltage falls to zero. The stored energyses the output shaft to move in the sam
direction. This creates an error of opposite ptlaand the system is again instructed to work & th

opposite direction. In this way, energy storingwats tend to produce overshoots and undershoot i

the system. In the experimental setup, output @&xie Feedback is used for stabilization of the
output.

The Tachogenerator, which is coupled to the motmmerates an output voltage, which is
proportional to the rate of change of displacem@tis voltage is coupled to the input of error
amplifier, either in the regenerative mode or degative mode.

By the adjustment of potentiometer P4ampunt oivdéve feedback can be adjusted, while DPDT|
switch is meant for selection of mode of stabiligfeedback.

HOW DERIVATIVE FEEDBACK WORKS

When switch SW1 is closed [i.e. InTACHO IN posiffand the degenerative feedbacks are suitabl
adjusted, we observe that the output shaft folldvesinput shaft in a smooth fashion without any
unwanted oscillations.

12
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If the mode of feedback is regenerative, then thitpud never reaches the stable state. Instea@jitske
on oscillating around the desired position.

In short, for degenerative feedback, the dampirtpfaof the system is decreased, thus resulting i
breaking action on the moving components, prigh#or final desired position. For a greater amoun[1
of feedback voltage, damping becomes excessivatandystem exhibits a very sluggish response
settles to a final position. The tendency for datidns is found to be dependent on the amplifang
setting.

OPERATION WITH STABLIZING FEEDBACK

1. Now put the SW switch in lower position i.e.ltadn position, SW2 must be in downward position
i,e degenerative mode. Keep P4 in fully anticlodendirection.

2. The system can be tested for operation as fellow

3. Now take the pot P1to 180 position& effect thkepsnput change in one of the directions, outpuf
again indicates oscillations. Now advance the pd?4 in clockwise direction and the output now is
observed to follow the input in a smooth fashiorthaut oscillation. If the P4 pot is too much
advanced, the output now follow input in a slugdiashion indicating over —damped system. Now
take the pot P1 to 180 positions.

4. Now put the switch SW2 in upward position ieggenerative mode. Now if the pot P1 is disturbewf
the output pot P2 is found to oscillate continugwmiound the desired position. As the amount o
feedback is adjusted the frequency and the amplitddutput is observed to vary.

DO NOT OPERATE THE D.C POSITION CONTROL IN THE RENERATIVE MODE FOR A
LONG TIME.

Block Diagram Of DC Position Control System:

Regenerative
swz2 D.P.D.T.

Degenerative L
Tacho In
(sw1) KT=V/Rad/sec

Error P3 o Load
— — Theta2
ThmJ P ““-H..‘TMJ Servo D.C. Gear R
T WIR —1 A =" Amplifier Motor — 1 Train . -
e — — N:1
. - GAIN KA = Volts/volt KM = Nm/volt Ribeihe
VP pot Torque = N.Nm
P1 o o -
Multiplie KPo "
- of -1 — T VIRad < — -
' I : J O/P RADIANS

O/P Pot P2

FIGURE NOS

BLOCK DIAGRAM SHOWING TRANSFER FUNCTIONS
OF VARIOUS COMPONENTS FOR D.C.POSITION CONTROL SYSTEM

13
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pETAILED DIAGRAM OF D.C. POBITIONAL a:;cuvg SYSTEM.
e ————— e 0 e e e e e B 1 5 e e

e e
PR v Ol [
% Eb B N ?[ JM T

Procedure:

1. Before switching on the main panel, see that thickes SW3, SW4 {on the LHS panel} are
in the downward position i.e. ON position.

. Ensure that SW1&SW?2are in the off position i.e upMaosition.
. Keep the input position P1 in 10 poskion

2
3
4. Potentiometer p3 [amplifier gain adjustment] shdagdn mid position.
5. Now switch on the main unit LED ‘Rand LEB®’ should glow.

Operation without feedback [SW1in off pamsiti.e. Tacho Out}

6. Now slowly advance the i/p potentiometeri®tlockwise direction. The o/p potentiometer
along with load will be seen to be following theadlge in the i/p potentiometer.

7. When the i/p is disturbed the null indicatal be showing some indication but when the o/p
reaches desired positions, again the null indidatdicates almost zero. It may be noted that wien i
POT is moved in anti-clockwise direction, the ofpTPalso moves in the reverse direction.

Step change in input

8. Now change the i/p POT in a step fashion (it éproximating step input). The output will be
observed to change in oscillatory mode.

14
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Observations:

Plot the output angle v/s input angle for bothgistem i.e. without and with stabilizing feedback.

Without With
Sl. input | output stabilizing Sl. stabilizing
No. feedback, No | Input | Output feedback_
remarks. . Degenerative
mode
With
stabilizing
SI. No. | Input | Output | feedback
Regenerati
ve mode
Precautions:

1. Please do not cross zero degree position by md&@ig P1 i.e. do not operate between 350
deg and zero deg.

2. Do not try to rotate output POT by hathds may damage the potentiometer

Result: The output angle v/s input angle characteristics fothkihe system i.e. without and with
stabilizing feedback are to be observed.

15
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Discussion of the Result

1. Student should be able to understand the effeatnglifier gain. Higher the gain, smaller is

the error.
2. Student should be able to understand the funcfi@utput potentiometer.

MUFFAKHAM JAH COLLEGE OF ENGG&TECH, ROAD NO3, BANJRAHILLS, HYD -500034

16




CONTROL SYSTEM LAB (EE332) B.E. II/1V, EEE & EIE

EXPERIMENT-4

ON/OFF TEMPERATUREONTROL SYSTEM

Aim: - To study the performance of ON/OFF controlleraatcol the temperature of an oven.
Apparatus:

Temperature control system unit.

Stop watch.

Oven.

Fan.

Connecting wires.

Theory: - On/Off controller or two position controller is oé the various controller modes which
shows discontinuous changes in controller outpeubasrolled variable error occurs.

Although an on/off type does wotalify as a control(continuous), it used in nunusro
residential, commercial and industrial applicatitins commonly used in control of home appliance
hot plate and oven temperature control, refrigeraemperature control and dishwasher, water leve
control of all residential and commercial buildings

Types of on/off control:

» (strict)on-off control
* Two-position control
* Floating control

(strict)on-off control: This method of control isomn practical one, because in the majority of|
applications, controller output would constantly $eitching between full scale(100%) and zero
(0%) output. Thus a strict on-off method of contielseldom used. A modified form of on-off
control, two position control, is more commonly dse

Two position control: It is an improvement over thasic on-off. The controller output still swings
between 0% and 100%, but an additional hysterésnsent (neutral zone) is now incorporated.

Neutral Zone

The neutral zone is the region of error over whitcé controller does not change its output. The
neutral zone is also known by the terms dead baddeaor band.

Circuit Analysis: In this circuit, RTD is made amaof a simple bridge circuit. The RTD exhibits a
change of about 39% in resistance from 100 ohrisdaigree centigrade to 139 ohms at boiling point

17
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of water. So in case of RTD is made part of a @idgcuit with equal arms. There will be a non-
linear relationship between resistance change addeboutput voltage.

Diagram of on/off controller(Heater system):

- E 1 H !
= J !
g - / )
- | F T
-1 I .

HEATER r HERTER

LAMP LANE.

.,\‘ J W

o iy _ J A _ A
I i S e
Controller O/P Controller O/F
100 % -—
t+——————>= 100%
Negative Positive -E % + E %
—>
O % Ermor
ON-OFF CONTROL TWO POSITION CONTROL
Controller O/FP
Neutral zone (dead band) 100 % -
Negative (SP < MV) Positive (SP > MV)
(o]
0,
Negative emor band % Emor Positive ermor band
NEUTRAL ZONE —
Procedure:-

Connect the RTD sensor PT-100 to binding post pexyion the front panel.

Connect the heater cable on the rear side socket.

Keep rotary switch on front panel in 0 degree pasiand switch on supply.

The D.P.M should indicate 0.0 degree centigrade.

When select switch is taken to 100 degree positDRM should indicate 100 degree

centigrade. This completes calibration check arslies that MAX and MIN controls on the

PCB are properly adjusted.

6. Keep select switch in set position and adjust S#iiptto 55 degree centigrade and keep degd
band pot to most C.C.W position(MIN).

7. Take select switch to RTD position now you can obsehe RTD temperature goes on

increasing and controller keeps temperature ofgg®@round the set point depending upon

dead-band adjustment.

arwnE

18
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8. You may take temp reading at regular interval ofs&6 and plot a graph for temp VS time

reading.
9. You may adjust dead band to most C.W position (MAKY repeat above process.
10.If you keep a fan near the process model you maindagke another set of readings.

EXPECTED GRAPH:

, —~—_DeadBang

S VU s>

Time ——»
On-Off Controller

Process variable (level) Vs Time

Precautions-

» Operate the select rotary switch carefully.
* RTD connection should be firm.

Result Working of on-off temperature controller is studied

Discussion Of Result:Students should be able to understand about lipedithe bridge output
(RTD) with respect to changes in resistance

MUFFAKHAM JAH COLLEGE OF ENGG&TECH, ROAD NO3, BANJRAHILLS, HYD -500034
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EXPERIMENT — 5

TIME DOMAIN ANALYSIS OF SECOND ORDER SYSTEM

Aim: - To perform the time domain analysis of second osgstem when
subjected to unit a step input

Apparatus: Signal generator, CRO probes, bread board, Resisthrctor, Capacitor, connecting
wires.

Circuit diagram:

it HT L
— AN
St v .
Vr b=

Theory: - Applying Laplace transforms to the circuit,

Vi(s) = I(s) [R+SL+1/SC]

VO(s) = I(s) . 1/SC

Transfer function
VO(s)/ Vi(s) =—L5

R+SL+1/5C

1
LESAT4RES+1

Comparing with standard representation second dygerl system

20
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C(SIR(S) =5—

“ESWn pun?

1/LC

z &
5 -|-Is +1/LC

Wn”2= 1/LC => Wn = HLC = Natural frequency

ZWn=R/L =>€ = R/2L/LC = R/2*/CIL
Damping factor € = R/2JC/L
R(s) =1/S

C(s) = =—"*1/s
S 42sswy T

Applying inverse laplace transform and solving

—smm g2

L
cSinfw,t +tan ¢ ]

—
+1—s

C)y=1-

Wd= WnV1-€12
Steady state value of the system
Lt C()=Css =1
t->00
Poles of second order system
The poles S1 and S2 are
Sl1= fwn+jonVi-&

S2= &on-jonVi-&

B.E. II/1V, EEE & EIE

So if a semicircle obn is plotted in S-plane having as real axis andgas imaginary axis then the

various poles will be on this semi circle as shawthe fig.

21
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Point C will represent pole and its image pole wélE.
For& =1then the two m poles will have the values S1 = S@+~
(Point B)-> critically damped case.

For& > 1the poles will be on the real axiséavn + wn V&% — 1

Oscillatory case

Forg = 0,the poles will be S1= S2 =+,

Undamped case, they lie on points D and F.

Thus the semicircle will define the poles of them®l order system.

Time response of the second order system will advigeyoscillatoryq < 1).

Delay time {Td} it is defined as the time taken tbe system to reach to 50% of its final value.
Rise time {Tr} it is defined as the time taken for the systemise from O to 100% of the final value
14T

T, =m —tan” ;fwd

Peak time {Tp} it is defined as the time taken floe output to reach 50% of the peak vdiije= ml

_4

Ehdy

Settling time {Ts} it is defined as time taken ftwe output to reach the steady state value

—{E

Peak over shoot {Mp} Value of the maximum overshweci-==

Procedure

1. Make the connections as shown in the fig {1}

2. Give square wave signal to the input terminals.

3. Connect the input signal to the Y-Plates of @O
4. Connect the output signals to the X- PlatesROC

5. Vary the inductance value and the frequency shmhdamped sinusoid appears on CRO.

22
MUFFAKHAM JAH COLLEGE OF ENGG&TECH, ROAD NO3, BANJRAHILLS, HYD -500034




CONTROL SYSTEM LAB (EE332)

B.E. II/1V, EEE & EIE

6. Note down the values of rise time, delay timeglptime, settling time and maximum

7. Vary the inductance, repeat step {6} and takatlzer set of values,

8. Compare the results with theoretical values.

Tabular form:

Theoretical values

Practical values

Observation:

Sketch the waveforms and insert the values in éhebfigure.

clr) &

Lo
09

0.5

Allowable tolerance

Dol A ALACERLIAE il

s :

overshoot.

Result: Time domain analysis of second order system ackest when subjected to unit step input

Discussion of result:Students are able to note down the values ofinse telay time, peak time,

settling time and maximum overshoot by varying ictdnce and compare it with theoretical values.
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EXPERIMENT NO: 6

CHARACTERISTICS OF A.C SERVOMOTOR.

Aim: - To study the speed torque characteristics of AGosmotor.

Apparatus: AC servomotor setup Multimeter connecting wires

Theory:

An AC servomotor is basically a two phase inductiwotor except for certain special design featuresg.
A two phase induction motor consisting of two statandings oriented 90 degree. Generally
voltages which differ in time phase 90 deg phastergince are applied to the stator phases thys
making their respective fields 90 deg apart in hotte and phase, at synchronous speed. As the field
sweeps over the rotor, voltages are induced iratycing current in the short circuited rotor the
rotating magnetic field interacts with these cutseproducing a torque in the direction of field
rotation. The shape of characteristics depends upenratio of rotor reactance (X) to the rotor
resistance (R). In normal induction motor X/R raiso generally kept high so as to obtain the
maximum torque close to the operating region whihusually around 5% slip. A two phase
servomotor differs in two ways from normal inductimotor.

The rotor of servomotor is build with high resistanso that X/R ratio is small and torque speed
characteristics are fairly linear.

Curve (B) is nearly linear in contrast to highlymiinear characteristics with large X/R ratio. ltush

be emphasized that if a conventional induction matith high X/R ratio is used for servo
application, then because of the positive slopeéot of the characteristics, the system using motd
becomes unstable.

The motor construction is usually squirrel cagel@g cup type. The diameter of the motor is kept
small in order to reduce the inertia and thus ttaiobgood accelerating characteristics. Drag cup
construction is used for very low inertia operasion

phases known as the reference phase is excitedrnsyant voltage and the other phase known as tf
control phase is excited with a voltage which isd@@ree out of phase with respect to the voltag
supplied to the reference windings and it has &kbr magnitude and polarity. The control winding
voltage is supplied from a servo amplifier. For Ipawer application, A.C servomotors are preferreq
because they are lightweight, rugged and there@ilush contacts to maintain

In servo application, the voltages applied to ttetos winding are seldom balanced. One of thaL
e
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AC Servomotor Block diagram:

10K/3W TR,
110w

P1 // A.C.

c/1.0mfd 230v

REFERENCE [
WINDING

ROTATING DISC

SIGNAL
PROCEING

1
I
1
|
I
|
|
L
by
LITTTITITTT1T1n
L
0
N

PCBy
LOAD LIGHT SOURCE PHOTO PICKUP (SPEED CALIER ATION)
CONTROL
(vp = 500E/3H
t R .
- \:iz/;.— - °F RECTIFIER
TP, E AND
3 REGULATOR TE,
"‘L PCBy PCB 3

Schematic diagram of two phase induction motor:

== Vg

REFRENCE
WINDING.

O— SERVO
AMPLIFIER.
.CTUATING
SINGAL Ve J.F
; 1 s
CONTROL
WINDING.
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Procedure:

1.

Study all the controls carefully on the front partékep the switch SW3 in upward position,
indicating that the armature circuit of D.C machim@ot connected to auxiliary power supply
[12v], switch SW2 should also be in off position.

Ensure P1 and P2 are in fully anticlockwise poaiti

Now switch on SW1 and also switch on SW2.you daseove that A.C servomotors will start
rotating and the speed will be indicated by theembtl on the front panel. [It is assumed that
calibration procedure is already carried out farexpmeasurement].

With SW3 in off position vary the speed of the As€vomotor by moving P1 in clockwise
direction and note the e.m.f generated by the Dachime[Now working as D.C generator or
tachometer].Enter the results in table 1.[Use a@i@neter in the range Oto 2 volts or so].

Now switch SW3 in off condition, switch on SW2 akekp the pot P1 in minimum position.
You can observe that the A.C servomotor starts ngpwith speed being indicated by the
RPM indicated. You can measure the reference wingoitage [about 100 volts A.C] and
control winding voltage [which is variable by Plgtas the speed of A.C servomotor. Now
switch SW3 and start loading A.C servomotor by galan la and N. Enter this in table 2.

Now you may set control winding voltage to a newueaof 30 volts after switching off
SWa3.Again repeat the process as indicated in step Ne. table2 for a new value of control
winding voltage.

Plot the speed torque characteristics for vari@lses of control winding voltages. Study
their nature.

OBSERVATION :

Table No. 1

SNO RPM EB = VOLTS

26
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TABLE No. 2

Expected Graphs:

SNO | Ia[Ma] | N[RPM] | Eb[Volts} | P=Eb*la[mW] | Torque[T]=p*1.019*10*60/2

Plot the speed Vs Torque characteristics of the @e€/omotor.

PRECAUTIONS:

1. Before switch on P1 and P2 should be alwaysdioio most  anticlockwise position
Controls P1and P2 should be operated in genttedias

Result: Thespeed-torque characteristics of A.C Servomotosareied
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EXPERIMENT — 7

CHARACTERISTS OF SNCHRO PAIR

Aim: - To study the properties of synchro
Apparatus : Synchro setup, Digital Multimeter, Connecting \gire

Theory: A synchro is an electromagnetic transducer comiynased to convert an angular position
of a shaft into an electrical signal. The basiccéya is called synchro transmitter. Its construci®
similar to that of three phase alternator. Let a@ Roltage Vr(t)=
Vr sinwct (1)be applied to the rotor of the synchransmitter. This voltage causes a flow of
magnetizing current in the rotor coil which prodsieethe air gap along the stator periphery. Becaus
of transformer action, voltages are induced in ezde stator coils. As the air gap flux is sinidso
ally distributed, the linking any stator coil isogportional to the cosine of the angle between ratm
stator coil axis. Let Vsln, Vs2n,Vs3n respectivadythe voltages induced in the stator coils S1,52,S
with respect to the neutral.

Then with respect to the rotor position as showthénfig[rotor makes an angle degrees with stator
S2]

Vsln= Kvr Sin wct cos §+120] ..... (2)
Vs2n= Kvr Sin wct cos §)......... 3)
Vs3n= Kvr Sin wct cos §+240] ..... (4)
Three terminal voltages of the stator are
Vsls2=Vsln-Vs2n

=3 KVr sin#+240)sin wct....(5)
Vs2s3= Vs2n-Vs3n

=3 kvr sing+120)sin wct.....(6)

Vs3s1=Vs3n-Vsln

=3 kvr sinf)sin wct.......... (7)
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When =0 from equations 2 &3 it is seen that maximum a@é# is induced in the stator coils S2
while it follows from equation [ 7 ] that the temail voltage Vs3sl is zero. The position of the roto

B.E.

is defined as ELECTRICAL ZERO.POSITION.

Schematic diagram of synchro transmitter

S\lp rings

statur

- Stater
windlng

G A K

i’ dev

T

Slator winding
of lransemitler

Stator winding of
Recciver

/1vV, EEE & EIE

W aﬁ-’z R " Nz
; o i
.
Sh -l S 54 H i Sk -
[
M 1; . T—
Fal "y g - .
Rotor winding of ) Rotor winding ot
Transenitler Feceiyur
Fap— ngh =t
AT Line
() Torgue trunsmission uslng syochro rooyusiiler.
S L E3
Tramsmilter o Awcwlver
et ‘;"V S:u:urr

~
v

O{? GG\/

Stalor

LAl

4'-§—v S,T0

E’Bﬁ\rs,

L

; .
]
]
20° Y g
TP I _ "y ,_% '
I Tramsorndtter I Receiver
P, Relaer, - I Rotor
E—: i e )
L. : . B '
FELLOW UP SYSTEM OF SYNCHRO TRANSMIT!IER AND RECEIVER
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Procedure:

1. In this part of experiment, we can study, becadgeaosformer action the angular position of
the rotor of synchro transmitter is transformea imbique set of stator voltage.

2. Connect the mains supply to the system with thp betable provided, do not connect any
patch cords to the terminals marked S1, S2, and S3.

3. Switch on the main supply for the unit.

4. Starting from zero position, note down the voltalgesveen stator winding terminals in a
sequential manner.

5. Enter the reading in the tabular form and plotghegh of rotor voltages of all the three phase
voltages.

Tabular column:

Angular position

of rotor. 6 ). Stator voltages

Vsl1s2 Vs2s3 Vs3sl

Expected graph

Stator voltage

Rotar displacerment
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Part Il
Aim : To study synchro transmitter and receiver pair.
Procedure

Connect mains supply cable.
Connect S1 S2 and S3 terminals of transmitter t8 5$3 of synchro receiver by patch cords
Switch ON sw1 and Sw2 and the main supply.
Move the rotor position of the synchro transmiffét in the steps of 30 deg and observe the
rotor position at the receiver.

5. Enter the rotor position of the transmitter ancereer and plot the graph.
Tabular column:

PowpbdPE

ot (transmitter) or (receiver)

Nature of graph:

or

v

ot
Precautions:

* Handle the pointers for both the rotors in a gemtssner.
* Do not attempt to pull out the pointers.
» Do not short rotor or stator terminals.
Result: The properties of synchro are studied and graphglatted.

Discussion of ResultStudents should be able to understand that becéasssformer action,
voltages are induced in each of the stator coi fdtor of control transformer is made cylindrisal
that air gap is practically uniform. This featurfecontrol transformer minimizes the change in the
rotor impedance with rotation of the shatft.
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EXPERIMENT-8

FREQUENCY RESPONSE ANAAYSIS OF LEAD

COMPENSATINGNETWORK

Aim: - To Plot Magnitude and Phase angle characteristicsug Frequency of LEAD compensator.
Apparatus : - Signal generator, CRO, breadboard, connecting, RO probes.

Theory: In Control systems, Compensating Networks are wsddchprove the Performance of the
systems and to meet some performance specificafidmey are usually connected in series with the

original systems

Circuit Diagram and Transfer functions:

R1
AN~

V(i) R2 V(o)

R1 = 47KQ, C= 33KF, R2= 1K)
Stepl: Apply L.T to the network and simplifying pel combination of R1 and 1/CS
=R1*1/CS
R1+1/CS
=R1
R1CS+1

Step2: Analysis applying KVL to loop

Vi(s) = I(s) o 7+R2]

[R1+R2+R1}?2 CE

Vi(s) =168) Fiesrn |

As Vo(s) = I(s)* R2
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Vo(s)= R2(R1CS+1)
Vi(s) R1+R2+R1R2CS

Vo(s)=a (zz + 1) wherg =%,T=R1C
Vi(s) 1+a s

Pole-Zero configuration:

Zero at s= -1t ; pole at s = -14 7 (sincea<1)
To Design:-

() «=R2/R1+R2 (i) Si@, = 1-o/1+a, O, = sin 122

1+

ljm

s plane

Corner Frequency:

1. wc, = 2nfl
1_1

T RI1C

f]_:l _ 1

2mr ImRl1 C

2. wec, =2mf2

B.E. II/1V, EEE & EIE
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1 1

Inor ImaR1C

. - . = 1
3.w, = VT wcl * we2 =—

Procedure
1. Connect the circuit diagram as shown.
2. Give Sinusoidal input 2-3volts peak to peak.
3. Vary the Frequency from 500HZ and measure the angaiand phase angle.
4, Draw the Bode Plots on the semi log sheet and medka corner frequencies and the

value of maximum phase lead angle, and the cornelpg corner frequency at the
maximum phase lead angle.
5. Compare the values with theoretical values.

Tabular Form:

Input Output
Freq |voltage | voltage |a b
(V1) (V2)

Sl.
No.

Magnitude Phase angle =

= 20|Og V2/V1 S|n'1(a/b) remarks
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Expected graphs:

Bode plots:

To find Magnitude:

Bode Diagram

m
=
fal]
0
s 4
=
o
m - -
=
Max . phasé
[
=
a F 4
o
=
[
Freg. |for ma=x. phase
107 10° 10' 10° 10°

Frequency (rad/sec)

To find phase angle

Result: Characteristics of lead compensator is studiegltying magnitude and phase angle vs
frequency..

Discussion of ResultStudents should be able to plot the charactesisind observe the maximum
phase lead,, ) from the graph and observe that phase-lead ctergare used to improve the gain
and phase stability margins and to increase thesykandwidth (decrease the system response rise
time).
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EXPERIMENT — 9

FREQUENCY RESPONSE ANALYSIS OHAG COMPENSATING

NETWORK

Aim: To plot Magnitude and Phase angle characteristessus frequency of LAG
COMPENSATOR.

Theory:

In Control Systems, Compensating Networks are useuinprove the performance of the
system and to meet some performance specificatimsy are usually connected in serieg
with the original system.

CIRCUIT DIAGRAM AND TRANSFER FREQUENCY

Ry <
° R,
W
i j N,
‘ C
& - ! Y

Vi= input from signal generator , Vo= output

Transfer Function:

Stepl: Applying laplace transform to the network
Vo= 1(s) [R2CS+ 1/CS]
Step2: Applying KVL
Vi(s) = I(s) [R1+ R2CS+1/Cs]
Vi(s) = I(s) [R1CS+R2CS+1/Cs]

Vo(s) = I(s) [R2CS+1/CS]
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Vo(sF R2CS+1
Vi(s) R1CS+R2CS+1

Vo(s)=1. S+1
Vi(s) B1S+1

B = R1+R2/R2,T = R2C

Pole Zero configuration:

Zero S =-1¢ pole S = -1t (B>1)

CORNER FREQUENCIES:

B.E. II/1V, EEE & EIE

Calculate the theoretical corner frequencies ugiegollowing relation.

1wl = 2rf1 =Ei= f1=1/BR2C2x

2.w2=2mf2=>= f2=1/R2C2n

3.wm = ywcl % Vwe? = 1/:\.,.“]9
B = R1+R2/R2

sin@_ = 1$/1+f
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Procedure:

1 Connect the circuit diagram as shown.

2 Give Sinusoidal input 2-3 volts peak to peak.

3 Vary the Frequency from 5000HZ to 10kHZ and meashe amplitude and phase angle.

4 Draw the Bode Plots on the semi log sheet arakare the corner frequencies t and the valu
of maximum phase lead angle, the correspondingecdnequency at the maximum phase
lead angle.

5 Compare the values with theoretical values.

TABULAR FORM

Input Output .
l. M t -
> Freq voltage | voltage | 5 | p agniude P'hi?ae/k?)ngle | remarks
- sin
No. V1) (V2) 20log V2/V1
BODE PLOTS:
Magnitude determination:
|G . Ge)indB
Aapproximate
Magnitude plot
. e Pl s

ol (A'i"__ Li o)
o°
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: __Phase plot

=
lozan
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Measurement of Phase Angle:

a
= gip 1 —
@ = sin 5

Result: Magnitude and Phase angle characteristics vs freyuaf lag compensator is plotted and
readings are compared

Discussion of result:Students should be able to find out the maximunseitag from the graph and
observe that the phase-lag controllers are usedder to decrease the system bandwidth (to slow
down the system response). In addition, they camsbd to improve the stability margins (phase and
gain) while keeping the steady state errors cohstan
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EXPERIMENT - 10

TEMPERATURE CONTROL SYSTEM.

Aim: - To study the performance of microcontroller baB#d controller.
Apparatus : - Temperature measurement system

Solid-state relay forwing heater bulbs

Micro controller basechtol unit

LCD display

Theory: This set up is designed to demonstrate the wgrsira typical temperature controller using
PID mode of operation.

Proportional controller is a mode of control actiorwhich there is a continuous linear relationship
between values of deviation and manipulated vagiabl

In order to remove the offset associated with prioqpoal action , combination of P+1 is widely used,
As a result of integral action, the offset erroalisiost reduced to zero but the transient respisnse
adversely affected.

A derivative control action may be added to prapaoal control to form P+D action. Derivative
control action may be defined as control actiowimch the magnitude of the manipulated variable is
proportional to the rate of change of error.

P+I+D action produces smallest maximum deviatioth @fifiset is eliminated because of integral
action. The derivative action provides improveadhsiant response against load variations. In short
PID approach to control problem can be summariaddrims of

The mathematical equations governing the operatio

%22 o (t) + P(0)

P(t) = K,e(t) + K, [e(t)dt + o

A simple analysis would show that the derivativeckl essentially increase the damping ratio of the
system and therefore improves dynamic performagaediucing overshoot, the integral action
eliminates the steady state error.
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Representation of controller monitoring the plant:

Ref input Temp

PID PLANT
CONTROLLER ~ |— ——

Procedure

For Proportional Control(P)

Keep SW3 in Test mode.
Keep SW2 in Mode Check
Then Keep KI=0 &KD=0, now system will be configurfmt proportional mode
Make proper connection for heater cable, RTD c&lféa cable.
Now select system as SW3 in TEST
SW2 in Normal

arwnE

SW1 in PID side.
6. If selection is kept as above you will be able @ébtemperature with the help of P1. You will
see display as ST= AT=
7. Now select system as SW3 in START
SW2 iORMAL
SW1 ibP

8. Now system will start in proportional mode

For P+l mode:

All procedure is same as described for proportionadie

Only at pt(3) keep KP>0, KI>0 &KD=0 then systemMaié configured for P+l mode.

For P+1+-D mode:

All procedure is same as described for proportiomadie.

Only at pt(3) keep KP>0, KI>0 &KD>0 then systemMié configured for P+I+D mode.
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NOTE: For Modes: You can take observation with faad on/off or by varying fan speed for
creating disturbances on the system.

Fan provided acts as load on the system by takimigtess away from the modes

Observation:
ACTUAL .
Sl rEmPERATURE | IME N
No. . Seconds
in Deg C
FlowChaurt:
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Characteristic:

The Typical PID characteristic for different segisnrmay be as follows

Temp set pt

- -Time

Result: Temperature of oven is controlled by using PID calldr. By varying P,I,D  values two
graphs of temperature vs time is plotted.

Discussion of Result:

1. The steady state error may be reduced by propingef Integral controller setting.
2. The transient state is improved by adjustment p&KTd.
3. For different settings of P | D different respoi@a&rves may be obtained.

4. The response Characteristics of P+I+D controllerhiek SECOND ORDER
CHARACTERISTIC.
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EXPERIMENT-11

LEVEL CONTROL SYSTEM

Aim: To study the on-off, P, P+l, P+I+D based leveltoarsystem.

Apparatus: Level control trainer

Theory:-
ON —OFF CONTROL

In automatic controlled process the parameter® tcolntrolled is measured with the set point by
process controller. The difference between the aredssignal and the set point is error . the
controller performs on-line calculations based ooreand other setting parameters and generates a
output signal. The output signal drives the firahtrol elements like control valves or a damper to
control the process to the set point.

— Diig il Controller

Load
Comparator Controlied

o “arable

—h\ - PID Controd ]
Sei Point T‘

l Measured Variable

Contrad Element f——m e Process

L

A special case of proportional control is On-ofhtrol. If the proportional band of the controller i
made very low (=0) the controller output will mafvem one extreme position to other for slight
deviation of process value from the set point. Meis/ sensitive action is called On-off control
because final control element is either open (ortjase (off) i.e. operates like a switch. There ar
the simplest controllers.

Hysteresis is a value set in the vicinity of on-gfferating point. Upper hysteresis is value or band
which process value is allowed to operate above¢h@oint and lower hysteresis is valve or band in
which process value is allowed to operate belows#igoint.

Proportional-integral-derivative (PID) controllers

The three-mode controllers (PID) are the most comfeedback controller used in industrial control.
PID controllers are used for controlling almdspeocess variables like temperature, flow, level,
pressure, etc. in a continuous or bath processotitpt of a PID controller is given by:

Op= b+100/pb [e+1/] e.dt+td.de/d]
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Where op is the output, b is the bias, pb is tlpgrtional band in %,e is the error signal ,t s th
integral time and td is derivative time.

Selection of proportional band, integral time aed\htive time to achieve desired process response
to load changes is called tuning of controller.

The method of determination of the optimum modasgiailepending on the nature and complexity of
the process is known as loop tuning. The threenpeters should be selected to meet a set of define
goals. These goals typically require a plant respamth minimum steady error, insensitivity to load
disturbances and an acceptance transient respmsesegoint changes and disturbances. In practice
the choice of proportional band, integral time dedvative time is a compromise between the set
point tracking and disturbances. If a mathematicadlel of the process is known, selecting the
controller parameters is relatively simple. Bumany industrial applications, are liable mathensdtic
model is not a available or it is difficult to detene. So empirical rules are developed for PIDrign
which do not require mathematical model .A widebgd set of rules is proposed by Ziegler-Nicholas
by open loop method and closed loop method.

The controllers settings are described by zeigienaios are obtained from the process reaction
curve as follows

Proportional mode KP= 0.5kc
PID model KP= 0.6kc.td=TD /2, td=TC/8

Where KC is critical gain and TC is critical timerpd

Procedure:-

» Start the setup.

» Select close loop option for the control

» Set the controller to ON-OFF/PID mode. Change #igsint.

* Auto set the controller settings.

» Take the process variable (level) readings at eegntervals of 10-15 sec.

» Plot grahs with PV (level) Vs time and controllent@ut Vs time.
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Tablel:0On/Off Controller

TABULAR COLUMN:

Time (seconds) Process variable (level) Controller output

Table2: PID Controller

TABULAR COLUMN:

Time (seconds) Process variable (level) Controller output

Observations:-

Observe that if the process value exceeds theos#tgnd increases more than the value of upper
hysteresis, controller switches OFF the thyristat # the process value decrases more than the set
point, thyristor switches ON. i.e. the controllgrevates like on-off switch.

EXPECTED GRAPH:

EXPECTED GRAPH:

e =

Sd Vaue

Pammeter Value —»

Ting —————»
On-Off Controller

Tme ——

Process variable (level) Vs Time
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Discussion of Result:

1. In on-off controller student may observe that ibgess value exceeds the set point and
increases then the value of upper hysteresis dErtotoses the valve and if process value
decreases than the set point and lower hysteoesifol valve opens. i.e the process operateg
as on off switch.

2. In PID controller student may observe that, thagient response steady state response of th¢
PID controller and note that the response systesporese is fast.
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EXPERIMENT — 12

STEP & FREQUENCY RESPONSE ANBAYSIS OF A PLANT

Aim: - To perform the Step and Frequency domain analygissborder system.

Apparatus : - Simple RC network setup.

Step Response Analysis: R
o NN N
v +
Vi -}
vibeeey—— 1
Vin C T vout
t1 °
Step input

Transfer Function:

Vo(s) = T(s)= X

R+1/cx
Vi(s)

_ 1
1+RCE

=2 , where T=RC

1+Ts

When unit step is applied, Vi(s) = 1/s

1

+ (ﬁ,}

Vo(s) =§ —

VO(s) = Le~*/%¢

For step input the output voltage Vo, which is dtage across capacitor c, rises exponentially

towards the final value of V with a time constar@.RThe output voltage is given by VO(s) = 1-
e—rﬂ?r_‘
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Expected waveform: Tabular column:

B |
‘ Initial slope = ————— =g
time constant
1O F

b = t Vo(t)

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

63% of J_'m;tl value RC
al = one time constant 2RC
3RC
4RC

Time constant:

The Time constant can be described as the timezT6f to decay to 37% of its initial value.

Reciprocal of the time constant has the units(bisés), or frequency. Thus we call the parameter gs
exponential frequency.

Rise Time:

It is defined as the time for the waveform to ganfr0.1 to 0.9 of its initial value.

Frequency Response Analysis:

R (
——A—
+ O | O
\ - '
ik C T Vout Vin R Vout
= Cr * O
R1 = 10KQ, C=0.1mF R1=10KQ, C=0.1mF
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B.E. II/1V, EEE & EIE

Stepl: Apply L.T to the network and simplifying ssrcombination Rand C

. _ _ 1jcs
Casei: VoO(s) = T(s)= ri1ics
Vi(s)

1+RCE

T(w) = :

(1+(wRCIZI1/2

O= —tan” *wRC

Caseii: _ Vo(s) T(s)= —=

R+1/CF
Vi(s)

RCS
1+RCS

W=
(1+(wRCIZI1/2

O=tan '1/wRC

Make the connections as shown in fig .
Select the components as R=10K, C=0.1mfd.
Connect the components on the expo board so &3 tp the RC network and switch on

Check calibration of phase angle meter by throv8ig2 in CAL position. If meter does
not indicate 180, adjust the CAL potentiometer gatd180 degree indication.

Adjust the input excitation to 3 volts R.M.S
Now change the audio oscillator output frequencthearange 20HZ to 1000Hz and enter|

Calculate the theoretical values of magnitude anase from the formulae mentioned
above and plot the graphs against frequency. Rim@darner frequency.
Connect the resistance of 10k or 1K across theubtgpminals of the network.

Procedure
1.
2.
3.
the supply.
4.
5. Keep SW3 in Lead position.
6.
7.
the result in tabular column.
8.
9.
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Tabular Form:

B.E. II/1V, EEE & EIE

Input Output Calculated
Indicated .
Sl. | | Indicated | Phase Calculated
Freq | VO tage | voltage Phase _ anale _
No | VO/Vi 9 Vo/Vi
' (V1) (V2) angle
Expected graphs:
Gain (dB) = 20 log XOU! ooy

Stop Band

B |- — — —
3dB |- — — — Frequency
Response
=4 T siope=

3 +20dB/Decade

Bandwidth

+45°

Frequency (Hz)

{Logarithmic Scale)

Frequency (Hz)

459

-90¢

1°9 pm . fe

M,
Siup Band
15 \

«——-3dB (457

Freaquency

Responsc Slope =

-20dB/Decade

Bandwidth
- - |

fepy Frequsncy (Hz)
‘ (Logarithmic Scale)

Frequency (Hz)

Fig. 1Frequency response of RC (High pass) Fig 2 égquency response of RC(low pass)

Result: Characteristics of RC network is studied by phgftmagnitude and phase angle vs

frequency.

Discussion of Resultln step response the transient term is totathgpendent on the values of R
and C and its rate of exponentially decay will gattrolled by —1/RC which is the pole of the
system. Students should be able to plot the charstits and because of loading effect the
characteristics of network are drastically affected
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