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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
CONTROL SYSTEM LABORATORY
EXPERIMENT NO:1

Aim: To study the working of AC Servo Motor and to draw its-

(a) Speed-Torque characteristics
(b) determine its Transfer Function

Instruments Required:-

AC servo motor demonstration unit

Theory:

A.C. Servo Motors are basically two-phase, reversible, induction motors modified for servo
operation. A schematic diagram of the motor is shown in Fig.1. The two windings, reference
and control, may or may not have identical ratings. In this unit both are rated at 12 volts r.m.s.
at 50Hz. A phase shifting capacitor of appropriate value must be connected in series with one of
the windings to produce a 90 degree phase shift.

These servo motors are used in applications requiring rapid and accurate response
characteristics. A typical torque-speed characteristics of an induction motor is shown in fig.2
for two values of rotor resistance. A servomotor however must have negative slope in its
torque-speed characteristics in order to ensure stable operation. To meet the above
requirements, these ac servo motors have small diameter, light weight, low inertia and high
resistance rotors. The motor’s small diameter provides low inertia for fast starts, stops, and
reversals. High resistance provides nearly linear torque-speed characteristics. A common
structure is a drag-cup rotor. The a.c. servomotors have distinct advantages over d.c.
servomotors. The commutator and brush assembly of a d.c. servomotor has limited maintenance
free_life._These are_absent_in the a.c. servomotor.
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An induction motor designed for servo use is wound with two phases physically at right
angles or in space quadrature. A fixed or reference winding is excited by a fixed voltage source,
while the control winding is exited by an adjustable or variable control voltage, usually from a
servo-amplifier. The servo motor windings are often designed with the same voltage/turns ratio,
so that power inputs at maximum fixed phases excitation, and at maximum control phase signal,



are in balance. In the present unit the input to the control winding is adjustable (3-steps) and the
motor can be switched ‘ON’ through a switch.
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Fig3: Block diagram of an a.c. motor system

The block diagram of an a.c. servomotor system is presented in Fig.3 This is a highly
simplified and linearized version of the actual behaviour of the motor and is valid at low
speed of operation only. Here Ec is the voltage applied at the control phase which results in a
proportional torque which however is reduced by a factor related to the motor torque
efficiency to generate the actual motor torque as

Tm(s)=K1Ec(s)-K2m(s),where o is the shaft speed.

This torque, further reduced by the mechanical load torque, T, drives the inertia, J and the
friction, B of the motor to result in the speed, ® and subsequently the angular position, 6 of
the motor shaft.

From the block diagram of Fig.3 the transfer function of the motor may be written as

0(s) Km
E-(s) — S(tms+1)

for Ti(s) =0
where, K. = Ky
™ B+ K,
And,
. = J
™ B+ K,

Km-Motor gain Constant
Tm-Time Constant
Again for Ec(s) =0,



1

O(s B+K K 1
©) 2— = —— where, K, =

TL(s) s(tms+1) TmS+1 B+K,

Combining the above two transfer functions (under assumption of linearity),

0(s) = __Km E Kn T
s6(s) = wss_m c(S)—m L(s)

The computation of Kmand Kn can be done by using the final value theorem, i.e.,
Steady state speed

wgs = SW(S) =KnpE. — KTyl )

Where,
Ec=Constant voltage applied to the control winding

TL = Constant Load torque

Ecis measured by the a.c. voltmeter on the panel and Tu is calculated from the loading of the
coupled d.c. generator as ,

T Electrical Power drawn from the generator in watts
L =

Angular velocity of the shaft in radian/sec

The calculation assumes that the generator mechanical parameters are negligible compared to that of
the servomotor.
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All the above results are strictly valid if the system is perfectly linear. This is true to a great
extent, especially at low speeds, and will form the basis of conducting the present experiment.
Another option, though cumbersome, is to determine experimentally the torque- speed and
torque-control phase voltage characteristics and then to linearize these graphically to evaluate
the motor parameters, Kiand Kz, and then to calculate Km, tm, J and B.

Experimental Work

The a.c. motor study is divided into groups (a) steady state — to determine Kmand Kan, and (b)
transient — to determine tm. From these the transfer function and other constants are calculated.

(a) Steady State Operation
Determination of Generator Constant

The generator constant, Kg, in volts/rpm, may be computed from the no load generator voltage
data at various speeds. This would enable one to calculate the generated voltage under loaded
condition, which is needed for torque computation in the next section. The readings for the
present experiment may be tabulated as below:

TABLE-1
Input MOTOR SPEED, Nr, RPM LOADSTEP-1 GENERATOR CONSTANT,
Step (No Load)Voltage, KG,
Volts Volts/rpm

1

2

3
Average Generator Constant, Ke= Volts/rpm

Determination of Motor Parameters

The motor operates at various combinations of control phase voltage, Ec, and external
loading, T, and the data is recorded as in Table-2. Ec is measured with the help of the a.c.
voltmeter on the panel in three steps while no load generator voltage, Eo and load currents, I.
are measured by a switchable d.c. panel meter provided. The loading circuit is shown in Fig.
4

Operating at no load (load step-1), ie., Tc= 0, using equation (2) the motor gain
constant may be calculated as

wss  Nm
- E.  30E,

Anaverage value for Km may be obtained from the three input voltage steps provided.

Km1=54.31 rad/ volt-sec

Km2=27.53rad/volt-sec
Km3=18.77rad/volt-sec

_ K1 + Kz + Kins
3

rad
= 33.53—— — sec
0

Kom It




An average value for Km may be obtained from the three input voltage steps provided although
the three values of Kmobtained are very different from each other due to the motor non-linearity.

TABLE-2
INPUT LOAD STEP-1 (no load) LOADSTEP-2 LOADSTEP-3
Step Ec Eo I N | T= I | N | T= I N TL
Rms volt | Amp | Rpm | (30.Eo.I./N. (30.Kg.I0)
V) S ) /n

Transient Operation

The time constant, tm is the time taken by the motor to reach 63.2% of the steady state speed when a
step voltage is switched on the control winding while the reference winding is already excited at the
rated voltage. In the present unit this is achieved through a special circuit which displays the time
constant in milli-seconds. The steps for operating this circuit are given below:-

Step. 1. Switch the motor ‘ON’ at input step.3 (rated voltage). A constant speed will be
indicated almost immediately.

Step .2.Read Voat Load step-1. Set ‘REFERENCE’ potentiometer in the TIME CONSTANT
SECTION to 63.2% of the Eo value read above. Use the d.c. voltmeter in the SET
REF position.

Step.3.Switch the motor‘OFF’,wait for 30 seconds and then switch it to ‘ON’ position.
The time constant will be displayed in msec.

The time constant obtained above may have error due to non-linear friction present. It
is therefore desirable to conduct the experiment a number of times and average the result.

Speed-Torgue Characteristics

Connect the motor to the main unit through the cable provided, power the system and take readings
starting with minimum loading. Note that the minimum reading of the weight in grams corresponds to the
weight of the torque arm. This however does not affect the experiment since we are usually interested in the
slope of the torque-speed curve.

e Turn the torque control disc slightly in a clockwise direction and leave.

e Note down the motor voltage, motor speed and the force exerted by the torque arm.

e Repeat with further clockwise twists of the torque control disc till the motor finally stops.

e Tabulate the readings as shown next.

e Calculate results

Shaft centre to weight point distance (Torque arm length) = 5cm Operating Voltage = \Y

Weight, gm [Torque, gm-cm Corrected Torque, gm-cm [Speed, RPM [Mech. Power, W




Corrected Torque is computed by neglecting the reading corresponding to the weight of the torque
arm which basically does not contribute to load torque.

Torque, T gm-cm =t X 9.8 X 10-5newton-m

Pmec =T X 9.8 X 10-5 X w newton-m rad/sec =t X 9.8 x 10-5X (2 w X speed in rpm/60) W

A similar set of readings may also be taken with a lower motor voltage input.

Results:

The results given below taken from a sample unit for input-3 and may differ from the unit
supplied to you. This is because of the variation in the characteristics of the motor, generator
and to some extent on the experimental errors.

(a) Reference winding input, Ec=12.0V,rms
Motor speed, N = 1928 rpm
Generator coefficient, KG=2.07x1073 volts/rpm

(b) Reference winding input, Ec=12.0V,rms
Motor speed, N =1972 rpm
Motor gain constant,

I

Km= rad [v-sec  =18.77 rad /v-sec

- c

(c) Reference winding input, Ec=12.0V,rms

Motor time constant, tm= 110 msec

(d) Transfer Function of the motor

K 18.77
G(s) = =

s(st, +1) - s(0.11s+ 1)

Results for Speed-Torque Characterstics
Operating Voltage = \Y

Weight, gm Mech. Power,

Torque, gm-cm Speed, RPM W
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Fig.3 Experimental Speed - Torque Characteristics of the Servomotor
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH ...SEMESTER
CONTROL SYSTEM LABORATORY
EXPERIMENT NO: 2
AlM:-

To study the speed control of DC servo motor and draw the following characteristics
a. Speed-Torque characteristics

b. Back emf-Speed characteristics

c. Torque- Armature current characteristics

SPECIFICATIONS:-

DC Servo Motor (permanent magnet type)

1. Stalled torque at rated voltage :11.85 Kg-cm

2. No load speed at rated voltage :1750rpm+10%

3. Moment of inertia of motor(J) :0.8Kg-cm

4. Armature resistance(Ra) :2.400hms

5. Armature inductance(La) :4.5mH

6. Back emf constant(Kb) :12.4V/Krpm

7. Motor torque constant(K) :1.215Kg-cm/Amp

APPARATUS REQUIRED:-

1. Experimental set up of DC servo motor
2. Connecting wires
3. Multimeter

THEORY:-

A DC motor is often employed in a control system where an appreciable amount of
shaft power is required. The DC motors are much more efficient than two phase AC servo
motors. They are either armature controlled with fixed field or field controlled with fixed

armature current. Here we are using armature controlled DC servo motor with fixed field.



Servo motor and its characteristics: -
Servo motors are used in servo systems to control the angular position, velocity or
acceleration. Servo motors may be DC type or AC type.
The characteristics of servo motors are: -
1. The rotor should have low moments of inertia, to get good acceleration characteristics.
2. Torque-speed characteristics should be near to linear and should have negative slope.

DC SERVO MOTORS: -

DC servo motors are normally used as prime movers in computers, numerically
control machinery or other applications where starts and stops are made quickly and
accurately. Servo motors have light weight and low-inertia, armatures that respond quickly to
excitation-voltage changes. In addition, very low armature inductance in these servo motors
results in a low electrical time constant (typically 0.052 to 1.5 m-sec) that further sharpens
servo motor response to command signals. Servo motors include permanent magnet, printed-
circuit and moving-coil (shell) DC servo motors. Although these DC servo motors have
similar torque rating, their physical and electrical constants vary. Armature controlled DC
servomotors with fixed field is generally used in servo mechanism due to ease in speed control

linear speed-torque characteristics.

CONSTRUCTION:-

DC servo motor used in the lab constructed with permanent magnet. Permanent
magnets have very high Coercivity and high residual magnetism. This results in much high
torque/ inertia ratio and also high operating torque efficiency as this motors have no field
losses.

Following types of construction are employed:-

1. In first type, the armature is slotted with DC winding placed inside these slots. Though this
type of construction is quite reliable and rugged, the inertia is very high.

2. In order to reduce the inertia, another type of construction is adopted where the windings
are placed on the armature surface. Because of the larger air gap, stronger permanent magnets
are needed in this construction. A much lower inertia is achieved by placing the winding on
the no-magnetic cylinder which rotates in annular space between permanent magnet stator and
rotor. The air gap has to be still larger with consequent need of much longer permanent

magnets.



Transfer function of a DC Servo Motor:-

Consider the armature controlled DC motor as shown in figure. In this system,
Ra= Armature winding resistance, ohms

La=Armature winding inductance, Hendry

la= Armature winding current, Amps

If= Field current, Amps

Ea= Applied armature voltage, Volts

Eb= Back emf, Volts

0= Angular displacement of motor shaft, rad

T= Torque developed by motor, N-m

J= Equivalent moment of inertia of motor, N-m

f= Equivalent viscous friction coefficient of motor, N-m/rad/sec

The torque developed by the motor is directly proportional to product of armature current la

and air gap flux y which in turn is proportional to field current If.

=K It

Where Ks is a constant. Torque T can thus be written as,

T=K:ltKala
In armature controlled DC motor, the field current is held constant. For a constant field
current, the flux becomes constant, and torque becomes directly proportional to armature
constant so that,
T=K la
Where K is the motor torque constant.
When the armature rotates, a voltage proportional to the product of flux and angular
velocity is induced in armature. For a constant flux, the induced voltage Eb is directly

proportional to angular velocity do/dt.

Eo= Kb*d—e
dt
Where Kb is the back emf constant.
The speed of armature is controlled by armature voltage Ea. The armature voltage Ea
is supplied by an amplifier. The differential equation for armature circuit is,

La*% +|a Ra+Ev=Ea



The armature current produces the torque which is applied to the inertia and friction, hence;

d?0 do
J—— +f*—=Kla
dt dt
Assuming that all the initial conditions are zero and taking Laplace;
Kb 0(s)=Eu(s)
(LaS+ Ra)|a+Eb(S):Ea(S)
(352 +f5)0(s)=T(s)=K Ix(s)
Considering Ea(s) as input and 8(s) as output, we can construct the block diagram. The effect
of back emf is seen to be the feedback signal proportional to the speed of motor. The emf thus
increases the effective damping of the system. The transfer function of this system is obtained
as,
0(s) K
Ea(S) [La \]SZ"‘ (Laf+ RaJ)S"‘Raf'l‘K Kb]

The inductance La in armature circuit is usually small and thus can be neglected. Thus

equation (8) is simplified to,

0(s)  Kn
Ea(s) s(Tms+1)
Where,
K i
Km=—————— - motor gain constant
(Raf+K Kb)
RaJ

Tm=————- motor time constant
Raf+K Kb



CIRCUIT DIAGRAM:-
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Armature controlled DC motor

BLOCK DIAGRAM:-

Es(s) 1 Ia(s) K B(s)

(Ls+Ra) s(JsH)

v
L

Kss
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PROCEDURE:-

(A) Speed-Torque characteristics and Torque-Armature Current characteristics

1. Keep spring tension adjust Knob ‘K’ at minimum tension position. Keep speed pot at most
anticlockwise position
2. Make power on to the unit. Put READ /CAL switch to CAL position and adjust calibration
pot to get 500 rpm on .RPM meter
3. Throw back READ/CAL switch to READ position (Do not disturb throughout the
experiment).
4. Connect voltmeter across terminal A-AA of motor to measure voltage.
5. Adjust pot for speed say 1000 rpm, measure armature voltage. Note T1, T2 and speed N
and armature current la. Increase load on the motor in proper steps by adjusting knob K of
spring balance and every time note T1, T2, N, la. Tabulate the result

Radius of pulley R=3.0 cm

Armature voltage Va=......... Volt



SILNo. |T1 T2 Torque (gm-cm) Speed N Current | Voltage V

(gm) (gm) T=(T1-T2)*3 (rpm) (Amp) (Volt)

6. Repeat step 4 for two different speeds, Say N=800 rpm and N=1200 rpm
(a). Plot the graph of Torque against speed. Study the nature of the graph.
(b). Plot the graph of torque against armature current

k=t
From the graph motor torque constant Ola

(B) Back EMF-Speed characteristics:

1. Make power on to unit
2. Keep speed adjust pot most anticlockwise
3. Measure armature voltage Va, Armature current la and Speed N. Slowly increase armature

voltage in proper steps and note Va, la and N.

4. Calculate back EMF as under

Back EMF Ex=Va-la*Ra (as La is negligible)

I.No. Va la Speed N w=2nN /60 Eb=Va-la*Ra

(Volts) (Amp) (rpm) (rad/s)

Plot the graph of back emf voltage Eb against Speed ®
From the graph calculate back emf constant,




Kb= @ Volt/rad/sec
oW

0s)  Kn

The transfer function of the motor is, Ea(S) S(TmS+1)

From torque armature current graph, motor torque constant, K=............

From Back EMF speed graph, back emf constant, Kb=.............
Thus,

= =1 Gt tis negligible)
Motor Gain constant (RF+K Kb) Kb

C__RJ R
Motor Time Constant Raf+K Kb KKb
SET UP:-

1. DC servo motor specifications are already provided.

(if f is negligible)

2. Motor is mounted at bottom and motor shaft is fitted with pulley of radius R=3 cm.

Two spring balances are fitted so that load applied to the motor can be changed by
adjusting the knob K. Variable DC supply is provided internally, acts as armature
voltage supply and is adjusted by speed control pot meter. Armature is internally
connected in serious with armature voltage supply and directly reads armature current
la. Disc with 12 holes is mounted at other end of shaft of motor. Light source and light
sensors are mounted on either side of the disc. As the motor rotates in one revolution,
pulses are generated at the output of light sensors. These pulses are given frequency to
voltage converter (FVC). Thus the voltage at output of FVC is directly proportional to
speed of the motor. The RPM meter is connected to the output of FVC though variable
resistance.

100Hz square waves is provided internally and is connected to FVC when READ/CAL
switch is in CAL position. Put the READ/CAL switch to Cal position and Adjust
calibration pot. For 500 rpm on RPM meter. Put READ/CAL switch to READ
position, so as to get motor speed directly in RPM. (Do not disturb the calibration pot

meter setting, once set.)
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DC Servomotor Speed-Torque Characteristics
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DC Servomotor Torque- Armature current characteristics
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DC Servomotor Back emf-Speed characteristics
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
CONTROL SYSTEM LABORATORY
EXPERIMENT NO: 3

LINEAR SYSTEM SIMULATOR

AIM:-

(A) To study the time response characteristics & determine the time response
specifications of 1% & 2" order control system.
(B) Compare working of system with and without feedback for step and ramp input.

Signal sources:-

There are three built-in sources in the unit with the following nominal specifications;
actual values may vary somewhat from unit to unit without causing any limitations to the
scope of the experiment.

(@) Square wave : Frequency 20-80 Hz. (variable)
p-p amplitude 0-2 Volt (variable)
(b) Triangular : Frequency 20-80 Hz. (variable)
p-p amplitude 0-2 Volts (variable)
(c) Trigger . Frequency 20-8- Hz. (variable)
: Amplitude +5 Volt (approx)

All the above sources are derived from the same basic circuit and are therefore synchronized.
They are uncalibrated both in frequency and amplitude, are zero balanced and grounded to a

common earth. The actual frequency in a particular experiment could be easily measured on
the CRO/DSO.

Building Blocks:-
A dynamic system of the desired configuration may be constructed by a suitable
interconnection of the basic blocks available. To avoid unnecessary complications, these

blocks are all pre-wired: they all have fixed transfer functions and handle signals referred to a
common ground.



These are therefore easily identified with the familiar pictorial representation of a block
diagram; with one difference viz. all blocks in this system have transfer function with a
negative sign. Following types of blocks have been included in the system.
(a) Error Detector: The block has three inputs (e1, e2, €3) and one output (eo) which are
related by the expression.

eo=-(e1+e2+e3),

(b) Amplifier with variable gain K: The value of K may be varied from 0 to 10 by a ten-
turn potentiometer having a calibrated dial. This block may be used as a simple error
detector (with one signal inverted) in a multiple loop system or simply as an adder.

eo=-(e1+e2+e3),

(c) Integrator: The integrator block has an approximate transfer function of the form-
Ki/s and is used in simulating type-1 systems having a pole at the origin. Nominal
value of Ky is 10.

(d) Time constant: The two time constant blocks in the system have transfer functions of
the form —Ka/ (sT+1) each. The second block has an X5 option which results in a
higher gain if necessary. Nominal values of gains are K,=K3=10 and of time constants
are T1 = T2=10 msec.

PROCEDURE:-
Closed loop Response — First order System

(1) Two forms of first order closed loop system, as shown in fig. are possible. Make proper
connections for

the configuration chosen.
(2) Apply a 1 volt p-p square wave input and trace output waveform on a tracing paper for K=
0.5, 1.0,

1.5... Calculate the time constant in each case.

(3) Also calculate the steady state errors for the above cases and compare with theoretical
results.
(4) If the open loop transfers function in the chosen configuration was of type- 1, the steady
State error

above would be zero for a step input. To find steady state error for ramp input, apply a 1
volt p-p

triangular wave input. Keeping the CRO in X-Y mode, connect system input to the X
input and the



system output to the Y input. A trace as shown in fig.6 will be seen on the CRO in which the

vertical

displacement between the two curves is the steady state error.

(5) Repeat the measurement for steady state error for different values of K and compare the

result with theoretical calculations.

Closed Loop Response — Second Order System

e Choose and wire a suitable second order system configuration from Fig. 7.

e Apply a1 volt p-p square wave input and trace the output waveform on a
tracing paper for different values of K. Obtain peak percent overshoot, settling
time, rise time and steady state errors from the tracing, and calculate 6 and wn.

Compare with theoretical results.

e In the case of a type — 1 system, obtain steady — state error to ramp input

COMPARISION OF OPEN AND CLOSED LOOP SYSTEM:-

OPEN LOOP

CLOSED LOOP

Simplest and
system

most economical type of control

complicated to construct and costly

Less accurate, because operation depends on the
calibration of input signal. Not adjustable in nature.

Actual output is continuously compared with the
desired value and control action works to reduce the
error signal, so more accurate.

Simple in construction, so there is less stability
problem.

Due to complicacy, system becomes unstable under
certain working condition.

Works on time basis.

Works on comparison basis.

More sensitive to external disturbances and
parameter variation.

Feedback makes the system response almost
independent of these disturbances and variations.

Less no. of components are used to perform on
operation.

Number of components requirement is much more
than the open loop system.

Power requirement is less.

Power requirement is more.

Speed is normally slow in these systems.

They are comparatively faster.

Non-linearities of the elements adversely affect the
operation.

System tries to maintain the desired performance by
adjusting itself for non-linearities.
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
CONTROL SYSTEM LABORATORY
EXPERIMENT NO: 4

AIM:- To simulate a second order system using Simulink and observe response for different values of zeta

THEORY:-

Transfer function= (Laplace transform of output)/ (Laplace transform of input); Initial conditions=0
In general, we have G(s) = C(s)/R(s)
Then, R(s)=0; is the characteristic equation
1. Highest power of s=1, it is first order
2. Highest power of s=2, it is second order
3. Highest power of s=n, it is n"" order
TIME RESPONSE:
Time response of a control system is divided into two parts.
1. TRANSIENT RESPONSE
The transient part of time response reveals the nature of response and also gives an indication about the
speed.
2. STEADY STATE SPONSE
The steady state part of time response reveals the accuracy of a control system. Steady state error is
observed if actual output does not exactly match with the input.
INPUT TEST SIGNALS:
The input test signals applied for the time response analysis of a control system are classified as follows,
1. Step function
2. Ramp function
3. Parabolic function

4. Impulse function

1. STEP FUNCTION

It is described as sudden application of input signal. If R=1 unit, it is called unit step function.
L(1)=1s

Step function is also called displacement function r(t) 4

r(t)=R, for t>=0

r(t)=0, for t<0

v
—

2. RAMP FUNCTION



It is described as a gradual application of input signal. If R=1, then r(t)=t and the ramp function is called unit
ramp function.

L (t) = 1/s? r(t) 4

Ramp function is also called velocity function

r(t)=Rt, for t>=0
r(t)=0, for t<0

v

3. PAPABOLIC FUNCTION
It is described as more gradual application of input in comparison with ramp function. If R=1, then r(t)=t%/2
and it is called unit parabolic function.

L (t) = 1/s? r(t) 4
Ramp function is also called acceleration function

r(t)=Rt%/2, for t>=0
r(t)=0, for t<0

v

4. IMPULSE FUNCTION
In this case input is suddenly applied as a shock for a very short duration of time. If the magnitude of impulse
function is unity, then it is called unit impulse function.

Unit impulse function=d/dt (unit step function) r(t)a
L (unit impulse function) = L d/dt (unit step function)

L (unit impulse function) = s L (unit step function)
L (unit impulse function) =s. 1/s= 1

v

TIME RESPONSE OF SECOND ORDER CONTROL SYSTEM
A second order control system is one where highest power of s in the denominator of its transfer function
equals 2. Thus a second order control system is expressed by a transfer function,

C(S) _ ®n 2
R(s) s°+2(wnst+on’
RE)  + : ce)
On >

s(s+2Cwns)




Input: Unit Step Function

(Dn2

s +2{wns+mn’

C(s)=R(s)*

Solving this we get,

c(0)=1-e52" sin(aarp)

We can solve similarly for ramp, parabolic and impulse function and analyse the time response of the
system.
PROCEDURE:-

1. To start with MATLAB click MATLAB icon. A command window will be displayed.

2. For simulink click on the icon of simulink or type simulink.
3. Create a new file by selecting new model.
4. From simulink library browser select ‘math’, ‘gain’ and ‘sum’ and drag it to the model.
5. From continuous function select a transfer function 1/s+1 or 1/s for first order system and
s-1/s(s+1) for second order system.
We can also change the transfer function by left clicking on the transfer function.
From ‘sink’ select ‘scope’ and drag it to the model.
From ‘source’ select ‘ramp’ or ‘step’ or any desired source and drag it to the model.
Now connect all selected components as shown in the figure.
10. By clicking on the RUN and double clicking on scope will give basic characteristics of that transfer
function.
11. In order to observe Nyquist plot, Bode plot and Root locus switch over to command window and type:
bode([1,-1][1,1,0])- this will generate bode plot.
nyquist([1,-1][1,1,0])- this will generate nyquist plot.
rlocus([1,-1][1,1,0])- this will generate root locus plot.

12. In this way the characteristics of that transfer function can be obtained.

FUNCTIONS:

Bode: generates bode frequency plot

Cloop: computes the closed loop system with unit feedback
Dbode: generates bode frequency response of discrete time system
Dnyquist: generates nyquist plot of discrete time system
Feedback: calculate the feedback connection of two systems



Ltiview: access the Itiviewer in the MATLAB command window
Nyquist: generates nyquist frequency response

Rlocus: generates root locus plot

Plot: generates a linear plot

Step: compute the unit step response of a system

Summming
Block
’ —P{+ p| D >|—|
Unit Step _ s(s+1)
Transfer Function Scope
1]
Gain
Over all transfer function=_s-1
s(s-1)
1 (s-1) [ ]
‘ —» 1 —> >
S (s+1)
Unit Step Integrator Transfer Function Scope

Overall transfer function=_s-1
s(s-1)
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
CONTROL SYSTEM LABORATORY
EXPERIMENT NO: 5

Aim: To determine their time response characteristics and stability through Bode and Root locus
plots using MATLAB simulation.

Instruments Required: Desktop Computer with MATLAB Software
Theory:

In control system, Root locus can be used to determine the stability of the closed loop control system using an open loop
transfer function. Bode plots are a very useful way to represent the gain and phase of a system as a function of
frequency. This is referred to as the frequency domain behavior of a system. Bode plots describe the linear time-invariant
systems’ frequency response (change in magnitude and phase as a function of frequency). It also helps in analyzing the
stability of the control system. It applies to the minimum phase transfer function i.e. (poles and zeros should be in the left
half of the s-plane).

Program for MATLAB Simulation
(a) Root Locus

>>num=[1,6,8] *values are only for examples

num =
1 6 8
>> den=[1,0,-1,0]
den =
1 0 -1 O
>> sys=tf(num,den)
sys =
s?2+6s+8
s3—s

>> rlocus(sys)
>> axis('equal’)
>> title('Root Locus Diagram for K (m=4)")
>> grid
>> [k,poles]=rlocfind(sys)
Select a point in the graphics window
selected_point =
-9.3052 - 0.0588i
k =
20.5487
poles =
-9.3302 + 0.0536i
-9.3302 - 0.0536i
-1.8883 + 0.0000i



Root Locus Diagram for K (m=4) & AEERad
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(b) Bode Plot

>> bode(sys)

>> grid on

>> title('Bode Plot with No Gain’)

* the phase margin is about 100 degrees can be seen. To add a gain of 100, enter the following command
>> bode(100*sys)

>>grid on

>>title('Bode Plot with Gain = 100")

Bode Plot with Gain = 100
100 E T S ———— T — T T T T

cel

Magnitude (dB)

20

-135 [~ /z

Phase (deg)
8
T
|

225 - L -

270 e e e e S | I . Ll
102 10" 10°
Frequency (rad/s)

After this, study and analyze things with other values.
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MATLAB A&l & forw same

(a) weeiww

>>num=[1,6,8] * AT FHdel 3GEIT & v g

num =
1 6 8
>> den=[1,0,-1,0]
den =
1 0 -1 O
>> sys=tf(num,den)
Sys =
s?+6s+8
s3—s

>> rlocus(sys)
>> axis('equal’)
>> title('Root Locus Diagram for K (m=4)")
>> grid
>> [k,poles]=rlocfind(sys)
Select a point in the graphics window
selected_point =
-9.3052 - 0.0588i
k =
20.5487
poles =
-9.3302 + 0.0536i
-9.3302 - 0.0536i
-1.8883 + 0.0000i
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(b) I3 TaTE
>> bode(sys)

>> grid on
>> title('Bode Plot with No Gain’)

* the phase margin is about 100 degrees can be seen. To add a gain of 100, enter the following

>> bode(100*sys)
>>grid on
>>title('Bode Plot with Gain = 100")
Bode Plot with Gain = 100 A EIME QG
100 = T ‘ o Ty
é” 40~
20
0 il L
0= T T ™ A ————
135 |- T —
g
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH .... SEMESTER
CONTROL SYSTEM LABORATORY
EXPERIMENT NO:6

AlIM:-

a) Study of potentiometer as transducer and sensitivity measurement of potentiometer.
b) Study of potentiometer as error detector.

INSTRUMENTS REQUIRED:-

1. Multimeter
2. Potentiometer kit

THEORY: :-

POTENTIOMETER

Potentiometer is simple reliable devices for measuring mechanical displacement. A potentiometer is a simple
voltage divider with three terminals — two fixed terminals and third movable terminal attached to a jockey. The
total resistance of the potentiometer is spread out uniformly linearly for translatory measurement and in helical
form for angular measurement. If a fixed reference voltage is applied at the fixed terminals it is easy to see that
the voltage output of the movable terminal is proportional to displacement.

ERROR DETECTOR

Error detectors are used to measure the error signal in control systems. The error is the difference between actual
magnitude of the output and the magnitude of the desired output. The magnitude of desired output is held
constant as a reference and also termed as input. Thus any deviation from the desired output results in error
signal.

POTENTIOMETER AS ERROR DETECTOR

The potentiometer error detector consists up of two identical potentiometers electrically connected in parallel and
supplied by a voltage source. If one potentiometer is used as an reference and as output potentiometer then
differential input of two shaft position (reference &output) gives the error between their respective positions.

Potentiometer error detector is based upon one of the principles of transduction i.e. variable
resistance.

Major four principles of transduction are:

1) Variable resistance
2) Variable inductance
3) Variable capacitance
4) Synchros and resolvers



The sensing element is basically a resistance potentiometer with a movable wiper attached to an insulated
plunger type shaft, mechanically linking point under measurement. The contact motion can be translation
rotation or a combination of two thus allowing measurement of rotary or translatory displacements. A sliding
contact is made to move linearly over a resistance element i.e. wire.

If one potentiometer is used as reference potentiometer and other potentiometer as output potentiometer then
differential input of two shaft positions gives the error between their respective positions.

WORKING:-

The symbolic circuit representation of potentiometer is error detector shown in the figure. The input shaft is
coupled to the potentiometer marked A and is held fixed at a desired angular position say Or while the output
shaft coupled to the potentiometer marked B and position is indicated as ©o. The potential difference between
the variable point of the potentiometer A and B is potentiometer to the angular difference (©r-Oo).

Error is given by
e 0 (0r-60)
e = k(©r-00)
POTENTIOMETER CHARACTERISTICS:-

As already discussed a potentiometer gives a change in resistance that is linearly related with shaft position if Ry
is the total resistance over range 0 to 345° then value of resistance R at any shaft position 6 is given by

Resistance can be measured directly by digital resistance meter. Potentiometer devices represent zero order
system Kk =Eo/©i is the sensitivity of the system over its range of operation where sensitivity is expressed as
volts/full scale mechanical travel of wiper.

SENSITIVITY OF POTENTIOMETER:

Sensitivity is normally given as volts per full-scale mechanical travel of the wiper. The input excitation voltage is
limited by the dissipating wattage which cause the temperature of winding wire to raise to a specific level
depends upon the cooling conditions, the thermal characteristics of potentiometer wire, and the transducer
housing design.

The major disadvantages of the potentiometer type displacement transducer are,

Poor dynamic response.
Susceptibility to vibration and shock.
Poor resolution.

Presence of noise in signal.

o



PROCEDURE:-

A. MEASUREMENT OF RESISTANCE.

3.

For resistance measurement, reference potentiometer is to be used.

Connect variable point and ground of reference potentiometer to digital multimeter for
resistance measurement.

Measure the resistance from 0°to 345%in steps of 15° and tabulate the result.

B. MEASUREMENT OF ‘K’

1.

Connect ground point and variable point of reference point to digital panel meter for voltage
measurement.

Slowly change the potentiometer from 0° to 360° in steps of 30° and measure the output
voltage.

Plot graph of angular position against output voltage.

From graph calculate the static sensitivity ‘k’ = Eo/©; of the device.

C. ERROR MEASUREMENT

N

Keep reference potentiometer at some position say 135°.

Connect supply to reference potentiometer by shorting points A and B.

Connect DPM (digital panel meter) for voltage measurement across variable points of two
potentiometers.

Slowly change the output potentiometer from 0 to 300 in proper steps and note the differential
output voltage.

Tabulate the result.

OBSERAVATION TABLE:-

A) MEASUREMENT OF RESISTANCE.

Sr no.

(S} Resistance




Plot the graph of angular position © against resistance R.

B) MEASUREMENT OF SENSITIVITY.

Sr. No. 6o voltage
C) ERROR MEASUREMENT.
Sr.No. Error (Or — O0) % error

RESULTS (with graphs)
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH VI SEMESTER
CONTROL SYSTEM LABORATORY
EXPERIMENT NO: 7

AlIM:-

1. To study synchro as a transducer

2. To study synchro as an error detector

3. To study synchro as a remote indicator system
INSTRUMENTS REQUIRED:-
An error detector kit, remote indicator system Kit, connecting leads.

THEORY:-

Synchros are small motor like components widely used for the remote transmission of shaft position in
AC servomotor mechanisms. It is also used as an error detector to convert an angular position of shaft into an
electrical signal.
CONSTUCTION:-

Synchros are basically composed of two parts:
1. SYNCHRO TRANSMITTER

Its construction is similar to that of alternator. It has salient pole (dumb-bell shape) rotor with single

phase supply. Primary winding is on the rotor through slip rings and brushes mounted on the rotor. The stator has
the secondary coils wound, its skewed slots distributed around its periphery at an angle of 120 degree apart. The
synchro transmitter provides a voltage proportional to the shaft angle for some applications.

2. SYNCHRO CONTROLLED TRANSFORMER

These voltages (obtained from transmitter) are applied to the leads of the synchro controlled transformer.

This unit is similar to the synchro transmitter except that it s rotor is circular in cross section and distributed rotor
winding. The fact that the rotor is of circular cross-section minimize the change of input impedance with angular
position of the shaft.

SYNCHRO AS REMOTE INDICATING SYSTEM

Here synchro transmitter is connected like a two pole alternator. The rotor coil is wound on a laminated
iron core. The ends of the coil are connected to slip rings. The rotor is mounted on a shaft. Three separate stator
coils are wound in uniformly spaced slots punched in the frame. The coils are spaced 120 degree apart around the
stator.



The receiver is identical to the transmitter, except the rotor of the motor has a metal flywheel to damp the
tendency of the shaft to oscillate when power is first turned ON or when the shaft is turned suddenly.

This system is used in remote control applications where the angular motion of the shaft follows the
motion of another shaft located some distance away. Hence, it is a sort of electromechanical system where
mechanical rotations are converted into electrical currents. These currents are then transmitted to the required
location and are thus converted back into desired rotation. This is used to transmit information to remote

indicators. For example, a meter dial may be controlled to indicate the position of rotating antennae.

OPERATION OF SYNCHRO SYSTEM:-
A single phase ac line voltage is applied to the rotor windings of the generator G and motor M connected

in parallel. The stator windings are connected as S1 to S1, S2 to S and S3 to S3. The rotor of M will follow the
rotor of G to whatever position the G rotor is turned. A synchro generator is connected to a synchromotor. The
shaft of the synchromotor follows that of the generator and is used to indicate the position of the generator shaft
on the rotor of G & M, the pointer on M will follow the pointer on G and will indicate the angular displacement
of the G rotor shaft.

REVERSING STATOR CONNECTIONS S1 AND S3

The rotor and stator of a synchro motor and a generator connected will affect the operation of the system.
On reversing the stator connections S1 and S3, the S1 of the generator is connected to the S3 of the motor. The
resultant magnetic field of the generator is not affected by the reversal of connections of s1 and S3on the motor.
Windings S1 of the generator is in series with winding S3 of the motor. Winding S3 will act as winding as S1.
Winding S3 of generator is in series with winding S1 of motor and acts as winding S3. If we turn generator rotor
from zero position to some clock wise position, the resultant magnetic field will take the position between s2 and
s1. The resultant magnetic field of the motor will follow this rotation as before except that it will move counter
clockwise from S2 in direction of S3, as S3 acts like S1. Any counter clockwise rotation of the generator rotor
will cause a clockwise rotation of the motor rotor. The effect of reversing stator connections S1 and S3 is to

reverse.

PROCEDURE:-

(A) SYNCHRO AS A TRANSDUCER
1. Connect the supply to the rotor terminals i.e. R1 and R2 of the Synchro Transmitter.

2. Switch on the supply.



3.
4.

Set the transmitter at 0° position.
With the help of the multimeter, check the voltage across S1-S2, S2-S3 and S1-S3. Now change the

position of the transmitter and note down the values of voltage from it.

(B) SYNCHRO AS AN ERROR DETECTOR

1.

Connect the supply to the rotor terminals i.e. R1 and R2 of the Synchro Transmitter.

. Connect the stator S1S2S3 of the synchro transmitter to the stator S1S2S3 of the synchro receiver.
. Now set the transmitter at particular position say 0’

2
3
4.
5
6
7

Measure the voltage at output terminals R1 and R2 of rotor of synchro receiver.

. This voltage e(t) is proportional to (a- 0) where a =(6’+90)

. Repeat above procedure for various values of 6 and 0’ of transmitter and receiver.

Now we determine the value of sensitivity factor of error detector Ks

(C) SYNCHRO AS AREMOTE INDICATOR SYSTEM

AR A o

Connect the supply to the rotor terminals i.e. R1 and R2 of the Synchro Transmitter.

Connect the stator S1-S2-S3 of the synchro transmitter to the stator S1-S2-S3 of the synchro receiver.
Connect the rotor R1 & R2 of the synchro transmitter to the rotor R1 & R2 of the synchro receiver.
Switch on the supply.

As change the position of the transmitter we will observe that the receiver also follows the follows the
transmitter and changes its position simultaneously.

Here transmitter will act as a generator and receiver will act as a motor.

OBSEVATIONS:-

(A) SYNCHRO AS A TRANSDUCER

0 \Y

(radians) (volts)




(B) SYNCHRO AS AN ERROR DETECTOR

Transmitter (0) Receiver (o) Error (Volts)
oc (6—a)

SYNCHRO AS AN ERROR DETECTOR

When supply is given to the rotor of transmitter, EMFs are produced in the three windings of the stator,

these voltages are given by,

Vas=1V3 V:Sin(6+240°)Sine t
Vag=V3 ViSin(6+120°)Sinamt
Vi3s1= V3 V,SinOSinet

When the EMFs are induced in the stator of transmitter and this stator is connected to the stator of
controlled transformer, current starts flowing in each phase of the controlled transformer. This current produces
its own flux in the air gap of the controlled transformer which is cut by the rotor while its rotation and one emf is
induced in this rotor which can be taken out. Hence emf is directly proportional to the difference of the two shaft

positions i.e. 0-a.
e(t)= K’ V,SinotCosd
e(t) a O-a
So, induced emf is directly proportional to the difference in the rotor position. This is the working of

synchro as an error detector.

CALCULATIONS:-

(A) SYNCHRO AS A TRANSDUCER
As we know that while operating synchro as a transducer, only transmitter is operated. So,
e(t)a 0
or, e(t)=K(0) 0 should be in radians.



(B) SYNCHRO AS AN ERROR DETECTOR
Since, we know that in case of operating synchro as an error detector,

e(t) a Sin (0-0)
or, e(t)=Ks Sing(0-a)

For small values of 0-0, we can write,
e(t) a (0-0)
or, e(t)=Ks (6-a)

From the above, value of Ks (sensitivity factor) can be found.

SYNCHRO INDICATOR SYSTEM

p. R1 /‘\ S1 S1 R1
AC Line ( \82 S2 /

R2 / S3 S3 \ R2
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REVERSING STATOR CONNECTION S1 AND S3
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FOLLOW-UP SYSTEM OF SYNCHRO TRANSMITTER AND RECEIVER SET
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Do’s and Don’ts/ Y UG AT FY

Do not install any software on any lab computer. Only lab operators and technical support personnel are authorized to carry out

these tasks/ fahel 8 A9 Fger W HS o WwredW IS o Y| Fael ofd R 3R ToHhelihr Fgraar
HAAN 8 3T HET B HA & AT TP gl

Do not touch any exposed wires or sockets/ TRl 8 Fol AR AT Hiche HT o TT

Look away from the screen once in a while to give your eyes a rest/ 3T9=iT 3@l & 3RTA &of & fov Fe-weft &R &
T e

Do not attempt to open any machines, and do not touch the backs of machines when they are switched on/ T&T & #efieT i
Glelel T YA & &, TUT ST HMA ATl g7 o 38 oo e a1 7 g

Turn off the machine you were using, when you are done using it/ ST& 39 5@ #7feT FT 39T FX @ & 3TAT 39T
HATC g ST df 39 &g X ¢

Do not access external devices without scanning them for computer viruses/ el arIRH & fov &bt foru foar amgdr
f3arsd as 7 ugd

Always maintain an extra copy of all your important data/ 3197 &l HgcaqoT Ser $r T FfaRerd 9fa gAm =T W
Keep the laboratory and work area clean and uncluttered/ SZVeTRITelT 3R 1T &1 & A% 3R cuaieyd o W
Prohibit unauthorized individuals from entering the laboratory/ YIRITe # 3feifeiehe] cATFal & Far 9 Ueh oMU
Do not use pen drive in the laboratory. Use internet to transfer the files/ TIITRITST H UsT 318 &l 3UANLT oI HL| FHISall
P TIATART FLA & [T Sl T 3UATT |




