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= D.C. POSITION CONTROL

Aim:
To study the performance characteristics of a D.C. motor angular
position control system. o
Equipments required:

DC position control unit
CRO

Probe

Patch chords

Precaution:

1. The step command switch should be in OFF position while performing
position control through continuos command

2. The Tacho generator feedback switch on the motor unit is set to
negative while performing position control through STEP command.

3. The CRO must be in X - Y mode while performing position control
through STEP command.

Procedure: i
Part - |

1. Connections are made as per the panel diagram.

2. The supply is effected the X input waveforms is traced (X - output
connected to Y - input of CRO) and calculations are made to
calibrate the X scale output.

Part - Il

(a) Position control through continuos command:

1. The connections are made as per the panel diagram and the supply
is effected.

2. The open loop gain K, is set to 4.

3. The command potentiometer is adjusted in such a way to make the
motor standstill (i.e. response potentiometer to read initial reading)

and the voltage V, = 0.

4. The potentiometer is adjusted in steps of 30° (i.e., 8 ) and the
corresponding V. 8, and V,are tabulated. R
1 +
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5. AOR and A0, are calculated and plotted. The errors (AOR - AB,),
(AV, - AV,) are also calculated.

6. The above steps are repeated for various values of K,.
(b) Position control through STEP command:

1. The connections are made as per the panel diagram and the supply
Is effected.

2. The reference potentiometer is adjusted to obtain V= 0.

The open loop gain K, is set to 3 and the RESET switch is pressed.

~ iy

Then CAPTURE mode switch is pressed.

5. Astepinput(Vs)is applied and the corresponding waveform is traced
. and % Mp, ess, tp, ts are calculated.

6. The above procedure is repeated for K, = 4,5, ...
7. K,issetto 6 the Tacho generator gain (K,) is set to 0.1,0:2; s

And the above procedure is repeated the corresponding waveform
are traced and % Mp, ess, tp, ts are calculated.

Calculation:
I. a) Amplitude of saw tooth wave (fig.2) =  -=======" \Y;
b) Time duration of the main linear part = ===-==e== ms
c) :X- output scalé factor=b/a . = ms/V

ii, a) Posltion without Tacho generator
K, = 0 (Tacho generator channel disabled) :

K, =56
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Tabulation I
NSO. . O0p | A0, | 0, | a8, [(a6,- 40| V. | Vo [(AVg - AV,
- |degrees|degrees|degrees|degrees| degrees |Volts | Volts Volts
Tabulation Il:

Position with without Tacho generator feedback:

SetK,=0

Vg = 2.5 V (internally set)

) t t t t {; ess Wn
S. No.| K, M. % ms| ms | ms | ms Vv rad/ sec
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Formula:

E,, = Vv, V, = 2.6 V (Internally set)
Vo= : V (measured for DVM)
Vpeak -V, ()
% M, = cmmceeeene- ===~ * 400 (from the corresponding trace)
V(o)
1
ess =
K, K,

1+ K, KK,
g =

2VTK, K,

where T = Mech Time Constant

L= ms, { = ms

using the equation: Mp = e “n& /YT~ ¢?

(In Mp)?
Obtain & =
72 + (In Mp)?
T
Using the equation tp =
o, d (1 - E ) . 4
calculate o, = rad / sec.

2
0,

Close loop transfer Function T(s) =

§?+2t0 6+ 0}

(for K, = 5) : ' . o
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Tabulation llI:

Position control with Tacho generator feedback:

K, =5

Vg = 2.5 V (internally set)

S. No.

K

D

M, %

t

d

t €, W,
| Vv | rad/ sec

10
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Open loop transfer function G(s) = :

i

Result:

For the given DC position control system the closed loop transfer
function and open loop transfer functions were obtained experimentally
and the transient response parameters are calculated.

-

Questions:

1. What are the specifications to be mentioned in specifying the
transient response characteristic of a control system to a unit step
input? :

2 How does the forward gain affect the feed back control system
 output response?

‘3. Define dead zone.

4. How does the tacho generator gain affect the feedback control system
output response? |

5. What is the need to have a potentiometer in this experiment?

6; Distinguish between open-loop and closed-loop systems.
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D.C. SPEED CONTROL SYSTEM t
’ 3 '3:'544{_{0
Alm:

To study the performance characteristics of a dc motor speed control
system,

Equipments required:

DC speed control Unit
CRO (Storage)
Probe

Patch chords

Procedure: (open loop study)

. Motor and Tacho-generator :

1. The connections are made as per the panel diagram the reference

voltage V, is set to 1V and open loop gain K, is set to 3.

The speed N in rpm-and the Tacho generator output V_ are noted.

3. The above steps are repeated with V, =1V and K, = 4,5,....10 and
tabulate motor voltage V,, = (V¢K,), steady state motor speed N in rpm

2nN
A s rad / Sec)
60

and Tacho generator output V..

Calculation:

Graphs NV, V, and V, V¢ N are plotted, K, and K, from the linear region of
the curves are obtained. :

Shaft Speed. in rad / sec, o
Motor gain constant (K,) =

- rad / Volt - sec
Motor voltage, V,, | :

\Y

; T
Tacho generator gain (K;) = -=----- volt - sec / rad

® 85

i H : I &
The transfer function of an armature controlled dc motor =

; (sT+1)
where T Is the Mech Time Constant

Note: The permanent magnet d¢ motor should behave similar to shunt
motor with constant field excitation. With the motor speed (w in rad/
‘sec) as the output variable, the forward gain is given by

13
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K
G(s) - ‘(A M

$(sT+1)

whare K, is the gain of the amplifier

K
Motor Transfer function G(s) = et
s(sT+1)

I Determination of motor time constant:

1) Vpis set =0V and K,is setto 10

2) The square wave signal (Vg,is swnched on and peak to peak
amplitude of the triangular wave corresponding (V,)is measured.

1l Calculation of motor time constant:

Vs (p-p) KA KM
Motor time constant T = caeememmmmen commemaenas K,

VT(p'p) 2f

Where ‘f = frequency of the square wave signal =

= Hz.

K

M
Transfer function of motor =

(sT + 1)

2

iv Closed loop performance :
a) Steady - state error: o ST E i

1. The connections are made as per the panel diagram

2. V.issetto IV and K, to 3

ltage (V.) are measured
ed N in rpm and Tacho generator vo s
- 22: noted (ess =Vg- V,) is calculated.

4. The above steps are repeated for K, = (4,5, ...10).

5 Compared in each case the value of steady state error computed
" from the equation

1

sS =
g 1+ K, K, K
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Motor znd Tacho generator characteristics

V,=1V, f= Hz
N Vs V_= KV

0 B Rpm Volis - TN

Tabulation :
|. Steady state error
V=1V
& No K N V. Ess = V-V, Ess = 1/[(K.K, K)+1]
. No. A Rpm Volts Experimental Theoretical

18
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b) Transient performance: (System time constant Teff)

1. V,.is setto 0.5V and K, is set to 5V.

2. Vg(p-p) and V, (p-p) are measured. 55
3. The above steps are repeated & the results for K,=7,10 are
tabulated.
V, (p-p) Ka K Ky 1
Tuﬁ’ 7
V, (p-p) K, K, K+ 1 2f
c) Disturbance Rejection:
1.

K,is set to 5, V. is adjusted to set a speed of 1200rpm without
applymg the eddy current braking.

2. Readings are noted.

3. For each and every variation of the brake settings the %decrease
in speed is caiculated.

General Theory:

Transfer function of armature controlled dc motor may be derived as
0 (s) K

~V(s) s (sT+1)

M

Where K, is motor gain constant
T is mechanical time constant.

The forwarded path transfer function

w(s) K,
Gla): ey S JU——— ¥y
V(s) -
Tacho generator transfer function
V, (s)
H(g) = ===v=-==""=" = K,
o(s)
C(s) G (s)
T(s) = —_ =
) R(s) 1+G(s) H(s)
KA KM
: KKy K+ 1
Closed loop Transfer function T(s) = -
S
[KAKM K +1 ] ik :

17
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Tabulation :

I. System time constant

V. =0.5V; Vs (p-p)=R=
V.=C | Teff.
9.0, Ka VTolts sec

Ill. Disturbance rejection:

Break Setting 0 1 2

Open loop speed in Rpm

%decreased speed

Closed loop speed in
RpmFor K, =5

%decreased speed
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Steady State Error:

Position error constant K.= Lt G(s) H(s)

s—0 _
=GR
R 1
Steady state errore =Lt (V, -V, )= -
S 1+Kp A+ KKK

e, for unit step input_ is given by

8.5 1714k, =11 13K, K. K. .

Transient purpose:
For a step input V(s) =1/s
1 KK/ T
EY =
S s+ (K, K, Ki+1) /T
on LT
KA KM ('K,\KMKT+1) *
o(t) = -8 o ik
KKy Ky +1
V, (p-p) Ky Ku K5 e
T = L
g V. (p-P) oy 1 f -
Result:

aracteristics of the given dc motor speed control

The;poriormanc i rious parameters are calculated and tabulated.

is studied and the va

B .1 V-s
1. Motor gain constant K,, = rad. /

' = - sec / rad.
2. Tacho generator gain K; = Volt

Sec.
3 Motor time constant (T) e

n

Scanned with CamScann



4.

Transfer function of motor G(s) = (1651 sT+1) =

0.° B
' teady state error Qe = Volt
*6. Potential error constant K - @
& ;
7. Closed loop transfer, function T’(s) =
Questions:
1. What is the closed loop transfer function for the system with
negative feedback whose open loop transfer function is GH?
2. What are the various types of braking applied in the DC motor
speed control?
3. Whatls the forward path transfer function of the given DC speed
control system?
4, Define Steady State Error.
5 Deflne effective time constant of a control system,
6

. What |8 tachogenerator? Compare the AC tacho and DC tacho.
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P
PID CONTROLLER
Alm:
To study the performance characteristics of an analog PID controiler
using simulated systems.
Equipments required:

PID controller unit
CRO

Probes
Patch chords

Theory:
i. Process or plant :

a) Itis that part of the system which produce the desired response
under the influence of command signal
b) Usual processes are higher order, non-linear function having

inherent dead time or pure time delay. Such plants are commonly
modeled by transfer function of the form.

K ees
G(s) = ~~====-==--
1s +1

where 6 is the time delay in seconds, tis the effective time constant
and K is the dc gain

¢) The system under study is an-analog simulation through a ten basic
~building blocks which may be connected suitably to form a variety
- of processes or plants

Various blocks - i
(i) Integrator: Having an approximate transfer function of 10/ s.
This two have 180° phase shift between input and output

(i) Simple Pole: Two identical units each ha\iing a transformer function.
(1+0.0155s)

ime delay: A time delay about 5,64 m sec generated by a
(iii) Eg:*?::“der multiple pole approximate of the delay function.

2. For a given application to have a good system performance
" «chpensation Design” has to be adopted (Compensationr includes
time, and frequency domain designs). : ~

25

Scanned with CamScann



“JONINOD d SWIISAS AVTIA INLL ¥IAYO LSV °1 811

JIIMS =
YVINONVIIL

m_ - %Ye.?« |

I - 1
I e 1 .
i ; z o324
1SR i
“®| a1 — i .
P —— = SNELE TN, L
H = T ¥313081K03 1 = :
I x 1
sl 411 | &
I i | )
16 | !
i 1 j e B |
L . { _ eHELEAE
i1 Illlllllilll_
1 —-. .
i ]

4371104IN0D AId-

24

Scanhea with tamscann



Tabulation: - Controller Response

Time Max

Controller type mPUt wave |Outputwave penod Frfaquency Hz Paramet:e_r
P ) Square Square |- -

___Vp-p) | —V(p-p)|. Ke=
; Square Triangular

wave
V(p-p) V(p-p)| __ msec Ki=

D Triangular | Square

—V(pp) | —V(p-p) |__msec Kd=

P Control System type - O with time delay
SNo Scale reading Ko X=twosteady | Y=2 stdady |Steadystate| % mp -
. Main | Inner state value | state value | error ess |over shoot
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a) The performance of the system is evaluated interns of a se:t of
performance specification like a rise time, peak time, seftling lms,
peak percent overshoot and steady state error in the time domain.

b) Gain margin, phase margin closed loop bandwidth etc in frequency
domain.

Another approach to improve the system performance through
elementary control actions with controller inserted in the forward
path (fig.2) of an existing control system, which has a unity feedback.

The controller comprises of two or three of the following controls.
a) ‘'Proportional (P) _

b) Integral (n

c) Derivative (D)

This PI, PD, PID controllers are widely used in process industries
hke petroleum, chemical, power food etc.-

3. PID controller
The equation of a P'uD controller is given by

; . de(t)
M (t) =Kce (t) +Ki [e (t) dt + Kd —— (1)

where e (t) is the error signal and M(t) is the PID output or plant output

Kc Proportional gain

Ki lntegral gam

Kd Derivative gain

Equation (1) in Laplace domain

Ki
M(s) = Kc E(s) * === E(s) + s Kd e(s) 2)

Equation (2) represent fig.3.

Equation (2) can be rewritten as

. ,
M(s) = Ko [l o ¥ T s] E(s) , (3)

‘Where T, = Integral time constant
Ke

Ki
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Pl Control: for Kc = 0.6; System = type -0 with time delay

S.No

Scale reading

Main | Inner

Ki/ Sec

X=2 steady
state value

Y=2 peak
response

Steady state
error

% overshoot

PID Control Kc = 0.6; KI = 100 System type = zero with time delay

Scale reading X=2 steady | Y=2stdady |Steady state| % mp over
S.No Mai Inner Ke state value | state value | errorcess shoot
in .
20 -

Scanned with CamScann



ajs

(N

s

|-

<L

(s3a

YITIOULNOD

o aid

¢ 613

30

' Scanneda with tamscann




I L L e B e e i

: Kd
Td = Derivative time constant = ssesses

Ke
Nota: with this unit

0 <Ko <20
0 <Ki <1000
0 <Kd <0.01
The transfer function of PID controller (from eqn.1)

M(s) K,s2+ K s +Ki

E(s) S
Kd (s + ©1) (s + 02)

1

GP!O(S)

(4)

S

where @1, o2 are the two zeros of the PID controller transfer function

PID Confroller Design

(1) This can be designed both in frequency domain and in the “S” plane,
through the classical (or) trial and error design procedure. The
method needs the pole-zero locations (or) frequency - phase
responses of the plant, for its implementation.

-

For a plant which are characterised by

(a) In complete or inaccurate plant equations

(b) Extremely slow response
(c) Presence of time de[ays

(d) Higher order transfer function etc.,

lternate simple techniques of setting the controller parameters

An a
Ti, Td) or tuning can be achieved by any of the three methods i.e.,

(Ke,
1. Trail and error tuning

2. Continous cycling method

3. Process reaction curve method

Trail and error tuning:

is simple, systematic method for on-line tuning of a PID
this method Kc, Ki, Kd are available for adjust?nant
31 :

This method
controller. In
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PID Control: Ke = 0.6, Ki =,

Second Order, Type - 0 systom with timae delay & input = 1V (p-p)

square wave of low frequency

Scale reading

Man

inner

Kd

y Steady state

Q
e vh Qvarshoot
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Step
1. Set Ki and Kg to zero.

- Sta!'lting from a low value increase Kc gradually till sustained
oscillation sets in this condition s tested by small disturbances
generated by varying the reference signal slightly. The value of
proportional gain so obtained is called as Ultimate gain (Kcu).

3. Setto 1/2 of the value obtained in step 2.

4. Increase Ki gradually until sustained oscillations start gain set Ti
to 1/3 of this value.

5.

Increase Kd gradually until sustained oscillations start again. Set
Td to 1/3 of this value.

Limitations of the above method
1. A number of systems, which are, or may be approximated to first
or second order transfer functions without time delay do not oscillate.

Therefore reducing Kc to half of its value, which was got when
sustained oscillation sets in.

Open_loop unstable system cannot be handled.
3. Tuning of very slow system is extremely time consuming.

4. ‘Sustained oscillations may not be acceptable or may be risky in
some physical processes such as a large chemical process.

Procedure:
Controller Response

Calibration of the three potentiometers used in PID controller.

1. Connections are made as per the circuit diagram.

2. A square wave signal of 100mv p-p is applied to the input of the
error detector. |

3. P, I, D, outputs are connected to the summer and the output of the
controller was traced.

4. The p-potentiometer is set to maximum and I&D potentiometers
; are set to zero to obtain the maximum value of

(p-p ) square wave output

(p-p ) square wave input
(p - p) square wave output

0.1

: i t to maximum and P&D potentiomet
_potentiometer IS s€ ; P ers
5. Z?aesle?to - er0, (a ramp oulpu’il was obtained) Maximum value of Ki

was found
33 -
Scanned with CamScann



PAOCESS
ouTPUT
f /
SLOPE = 5
i
/
fo= 7> { —

FIG. 5 STEP. RESPONSE GF (a) TYPE-0
(b) TYPE-1 SYSTEMS ' ! \1

+ (@)

PACCESS
cutrPUT

i

SLOPE=S

l“"f-ﬁ-l “f —
(b)

Scanned with CamScann



Ki = 4 *f*(p-p) triangular wave output amplitude in voits

p-p square wave amplitude Input

Where f - frequency of the input=1/T =

The D - potentiometer is set to maximum and P& potentiometers
are set to zero .(a series of sharp pulses were obtained as output )
As the output is not suitable for calibrating D - potentiometer,

trlang)ular wave is given ( applied ) as the input (& output is of square
wave

(p-p) square wave output
4.f. (p-p) triangular wave input
where f - frequency of input
The three potentiometers P, | & D are set to maximum values and

a square wave of 100mv (p-p) is applied as input. The output
respohse was traced. "

Proportional control

1. The connections are made as per the panel diagram.

2. The input amplitude is set to 1v (p-p) and frequency to a low value.

3. For various values of Kc = 0.2, 0.4, ... the peak overshoot & steady
state error was obtained from the graph and readings are tabulated.

4, The above procedures are repeated for various systems with or
without time delay.

Formula:
(p-p ) input - X

----------------------------

Steady state error =

K e *100
Peak percent over shoo =

S T e G A e A A e T e TR
Pty e SRR A G e o e 2 Dt e T A S R e L S
AEE, g T ST Sy P s T e S AT R TR AT A

PRrEEIA
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S—

Proportional - Integral control

1. The'connections for a first order type - 0 system with proportional
?nd integral blocks are made. -

2. The input is set to 1v (p-p) and frequency to a low value and Ki is
set to zero. ) ‘g

3. Forsay Kc = 0.6 observe and record the peak overshoot & steady
state error.

4. For the same Kc, Ki is increased in small steps and at each step
the peak aover shoot and steady state error areé noted.

Proportional - Integral - Deri\;a'ﬁ'\éé“‘-c,'ontrol

1. The tonnectionsare:made as:per the panel circuit diagram with
proper integral and derivative blocks connected. -

2. The input s set to 1v (p-p) and frequency to a low value and also
set Kc = 0.6, Ki set to low value (say scale setting of 0.05) and Kd =0

Note:
With this the system shows a fairly large overshoot.
The peak overéhoot & the steady state error are noted.
The above procedures are repeated for a few non zero values of Kd.

4. For K¢ = 0.6, Ki, Kd are adjusted by trial and error to obtain the
best overall response. Kc, Ti, Td, are noted.

5. The above procedure is repeated for Kc = 0.4, 0.2 etc...

; Result :

‘Thus performance characteristics of PID cbntroller were studied.

Questions:
1. Whatis P - tohtroller and what are its characteristics?
2. Whatdo ydu mean by F_’I - controller & what are its characteristics?

3. What is a PID - controller & what are its effects on the system
performance? e :

4. What do you mean by “Proportional sensitivity" in a controller with
proportional control action? _ _ |

Define Peak time, rise time, and % overshoot.

. B,
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TEMPERATURE CONTROL SYSTEM
Aim:

To study the performance of various types of controllers used to control
the temperature of an oven.

Equipments required:

Temperature control system unit )
- Patch chords
Stop watch

Procedure:
i) Identification of oven parameters :

1. The oven has to be driven through. P- amplifier and so set to its
maximum gain of 10 \

2. The input to this amplifier is adjusted through the reference
potentiometer (the one next to switch S,). This input can be seen
on digital display, so that if 5.0°C is set, the input to the proportional
amplifier is 50mv (i.e. 10mv/°C) and its output ( which is the
input to the driver circuit ) is 0.5v ( 50mv *10)

3. The switch S1is kept “ Wait “ and S2 to “Set” position and feedback
terminals are opened.

4. The“ P “outputis conne‘cted to the actuator input and the input is
switched on.

5. The potentiometer “ P “ is set to 1 which gives Kp =10. The
reference potentiometer is adjusted to make the DVM to read 5V.
(This provides an input of 0.5v to the driver).

6. The switch S, is thrownto “Measure” position and the room temperature
is measured.

7. The switch S, is thrown to “Run” position and the temperature
readings for evaery 15 seconds are noted till the temperature
becomes almost constant.

8. Temperature - time curve Is plotted and T,, T, are calculated. [fig.1]
and the transfer function of the oven including its actuator were

found.

G(S) = K OKP H‘“z” (1+ 81’1}1
59
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P = Controller

i J" S

S.No| Timein
: Sec.

Tempera-,
ture in ° C

Rise Time

Steady
State Error

% over
shoot

g
-
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Pl - Controller

-

.S.No

Timein
Sec.

Tempera-
turein° C

Rise Time

Stezdy |7 over| t
State Error shoot P =

el
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ii) PROPORTIONAL CONTROLLER

1. Based on Ziegler and Nichols suggestion Kp is calculated using
the formula

Kp = (1/K) (T /T,)

oven temperature at steady state 2
Where K =

Input (Volt)
T,, T, from previous test

2. Starting with a cool oven, the switch S, is thrown to = Wait * position
and the “P” output is connected to the actuator input, keeping R,
D and | outputs disconnected and feedback terminals are shoried.

3. The P potentiometer is set to the calculated value.
(Note: Pmax = 10)

4. The desired temperature is set ( say 55.0°C)

5. The switch S, is thrown to “Run” position and the temperaturs
readings for every 15 seconds are noted till the temperature
becomes constant.

6. Temperature - Time curve is plotted and the following parameters
are calculated .

a) Rise Time
b) Steady state error
c) % overshoot
It PROPORTIONAL - INTEGRAL CONTROLLER

1. Basedon Ziegler and Nichols the value of Kp and Ki are calculated
using the formula

Kp = (0.9 1 K) T/T,
TI =1/ KI = 33T2 or
KI = (113.31-2)

2. Starting with a cool over, the switch S| is thrown to “"Wait". The
outputs P and | are connected to the actuator input and outputs R
and D are disconnected. The feedback terminals are shorted.
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2

"fr—‘ and | potentiomsters are set to the above calculated value.
(Note: Kp Max = 10, K max = 0.024)

The desired temperature is set (say 55° C).
The switch 8, is thrown to “Run” position and the temperature

readings for every 15 ssconds are noted till the temperature
bacomes constant.

-

Smperature - Time curve is plotted and the following parameters
re calculated

i

&) Rise Time
) Steady state srror

C) % overshoot

Proportional Integral - Derivative Controller

8

Stariing with @ oo0i oven, the switch *S," is thrown to “Wait”™ position.
The output of P L, D is connected to the actuator input with output
R is disconnectad and the feadback tarminals are shorted.

The potentiometer P, I, D are set to the above-calculated valus.
{Nots: K.."'-‘m =10, Kimn = 0.024, Kﬁmn 3 23‘5)

The desired tamperature is st (say 55.0 °C)

The switash S, is thrown 10 "Run” position and the temperature
raagings for 2very 15 saconds are noted till the temperature
hacomes constant : - :

Temperature - Tim@ Curve is plotted and the following parameters
are caicuiatad

2. Riss Time
B. M siate emor

. % over shodt
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Formula:

1) Open loop measurement.

i oven temperature at steady state

-----------------------

Input (Volts)
Note: Inputs is 0.5V.

From Graph

T,= : Sec, T,= _ Sec,

ii) "P - Controller
Kp=(1/K)T,/T, =
Kopex = 0.1 VIC®
P - Setting required for proportional control
Kp
= *100 =
KPmax
iiiy P -1Controller
Kp=(09/K)T1T, = V IG"
Kp
P - Setting required” = =*100 =
: KFmax
T,=3.3T,
1 1
Kz —— 5§ ——
GE R T
Ko™ 1/ 41 = 0,0244
; Ki
—_*100 =

| Setting required =

imax

VIC®

_ %

%
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Controller |Rise - Time| Steady | % over [peakTime| Setting
state error | shoot tp ts

P - Controller

Pl-Controller

PID - Controller
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iv) P-1-D Controller

Kp=(1.2/K) T T, = _ VIC
Kp
P- Settmg Required = ———— * 100 =
: , Kpmax
1,2 507,

K=1/T, =1/(2.0T,)

| setting = KI/ K, *100=

K. =155 0,57,

K = 23.5 Sec.

Dmax

D setting required =K,/ K;max *100 =

Grap'h :
1) Terhp‘érature Vs Time for Open loop system
2) Temperature Vs Time for the system with P, Pl and PID controller.

Result :

The performance of the various types of controllers for the control of
the temperature of the given Oven and the results were tabulated.

Questions : ' i . A
1. What is meant by “Rate Control™?

2. What is meant by “Reset Control"?

3 DISCUSS about the nature of the System whose stead
is greater than the supplied input. Y state arror

4, What is the transfer function of the given oven including its actuator?

oy
5. What are the advantages of P, Pl and PID controllers in this systém?
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Lag Compensation Design

Aime To design, implement and study the effects of a Lag Compensation network in a given
system -

Equipment Required:
Compensation design unit
CRO
I'robe
Patch chords
Resistance:
Capacitor:

Procedure:
a) Bode plot for the plant; Uncompensated System

1. Connections are made as per the panel diagram
2. One volt (p-p) sine wave is applied as input

3. Adjust from low frequency to high frequency of the (sine wave) applied voltage and
the corresponding magnitude (db) and phase angle with respect to the frequency value
are obtained.

4.

The Magnitude-frequency and phase angle - frequency plots are plotted.

g . v . K
[0 obtain the plant transfer function -————

——— Draw a tangent in the magnitude -
(s7+1)

frequency plot to obtain the corresponding frequency and from that the plant time

constant (7') is obtained and from the maximum magnitude value ie.,

20log K = Mux((,-‘) the value of K can be calculated. Here K is the plant gain and T is
the plant time constant. From the lissajous figure A, B, Xoand Yo values are obtained

Frequency domain Performance:

Open Joop bode plot is plotted (7 v |G]) and (£ Vs £G)

wr B , e ¢ :
Where (/] = ZOIng(:’-J and £G = -Sin '(f) for the positive slope of the lissajous

s
>

figure. For negative slope £G =180+ Sin™' ( Al J and

& : : A
Plant Transier function = e

(s1+1)

b) Lag network design

I.  The connections are made as per the panel diagram.
“)

2, Forthe given design specilications e, Phase Margin (PM) and Steady state error (ess
Let ess = 5% and Phase Margin = 50° be the design specification (ess)

Scanned with CamScann



M

NYOM L3N

- ------—-——---1

.-I.ll.llll.l.llll!llllh

Tt ]

ﬁ H3ddny

IHy=d

HOILYSK3Idn0)

N T

Aap]. ~ NOLLVSNZdWO0D avdl

 scanned with Lamscanns

At

- N91S3A NOILVSN3dW0D



Note: ess = Lt [(r)-c(r)]. Obtain the proportional gain value (K ,). Obtain

EOIog( K+ ) in db and plot
\ K )

1 ;
Position Error Coefficient (Kp) be obtained as follows ess = T2 K. U Vs iGID ’
’J

Ke Y
whereG, =G +20 Iog(%) .i.e. the magnitude plot is shifted by +20 log(—Ki-] in db.

(VS

From the gain cross over frequency find the phase margin. For the rcqmred_ phase
margin obtain the new gain cross over frequency which will be the' Z€ro Cross over
frequency. The value of B can be found out from the corresponding gain margin
which is found to be 20log 3.

Phase Margin to be increased (8,,)= PM speciied = PM trom graph + 59 (tolerance)

Zero Z,. :% is chosen approximately 0.1 @, i.e. one decade below the new gain cross

over frequency and Pole 7, :;F is selected accordingly.

The Transfer Function of the Lead network can be represented as follows

1(“1?) Ts+1
G(S)z_ﬂ 1\ Pls+
(H_J

G(s)=\
I
|

(ae) |y (2)
(R,+Rz(.s+ﬁjﬁ?)€) ﬁ[”?jff]

-and ﬁzﬁ—;—&thcn R, , R,can be calculated.

2 2

From above T =

4. The Closed loop performance of the plant is obtained by setting the amplifier gain as
(K.}

%. K )

The Phase Margin value is verified by applying sine input with the frequency equal to
the new gain cross over frequency and from the corresponding lissajous figure.

Uh

6. The Steady State Error value is verified by applying square input to the system
without and with compensation unit and the output responses are compared.

Note:

Detay Time (1;): It is the time required for the output response of the system to reach 50% of
the final value
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Rise Time (1,): It is the time taken for the output response of the system 10 reach 100% of the
final value for the first time
[ V1=8°
] = where f=tan ‘(ym-—_—‘———
W, , 0

Peak Time (1,): It is the time taken for the output response of the system to reach its peak

value, '

f, =——rmmeee Where &is the damping ratio and @ is the undamped natural frequency
o yi-0°

which depends on the value of &.

Lag Compensation design
From Bode Plot

Max Gain |G | =13

20logK =13

log K = 13/ 20; K=4.47

Draw tangent to the curves and find the cross over frequency

©C1 = 2r (85)
T=1/0Cl =1/2x(85) =0.00187

" Note:
The plant is a second order dynamic system whose transfer function
is given by : :
K 4.47
G(58) =— z
(S) (sT + 1) (1+s0.00187)?

Let thb design requirements be ess = 0.05
85

A R e
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Tabulation: ~

e L i Gain | Phase |
N > 4 Som Y
FYeR A 8 X, 2 | e | ) |
2 - -

i .

1Q ¢ :

i

§ :

?;E

#

40

80 5

100

200 -

400
800
1000
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INPUT . output (a) NETWORK STRUCTURE
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s, ]
jw
(b) POLE-ZERO
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cdh ;
’ e e, 20logf WU ‘
’ (c) PODE DIAGRAM

v-_- Gl e
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Fig. 5. LAG NETWORK CHARACTERISTICS
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‘Tuble Not 1 Bode Plot: Uncompensated System

—. o s
T M T A AT e AR e e T

Froquency 1A BTN ] Vo | Gainindb | Phase Angle
(He) |G|

et

A S i A e P A b DT et

i v .

i S et

1
l
TS

oo |
i

e g e

i g e

Table No: 2 Open loop system Bode Plot

"Frequency | Gain in Phase Approximate Low Corner
R { £ F2) i db |G| Angle Open Loop Frequency | Frequency

‘ ]' Transfer Function Gain

sty o e .
|
]

S I T
L. S S
I EE . SO

?....,.,__‘(.1{}.‘.’._. -..".... R

U SRp———— SR P S
e L

Table No: 3 Closed loup response of the system without and with compensation unit

g e s e
o System 1 Gain WA, I ess | o

’ {  Value i o

A B | |

2 ¥ ; !

¥ : |

|- ‘g s !

1. e - e + 1 il - -4
B R i |

{ E : _ | :-

L E R 1 |

| 5 i |

b -0 1 AL A L S S e
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Table No: 4 Closed loop system Bode Plot
Phase Jead required (¢,,)

l g, 20log 3 B | Newgain | G.(s)
crossover
frequency
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The required value of error coeff Kp to ess specified; ess =1/1 % Kp

1
———— =0.05
1+Kp

Kp=20-1 =19

~ Therefore the gain has to be increased by 19 / 4.47 ~5

20 logh ~ 14dB

The magnitude plot is shifted up by + 14 dB

From Bode plot the Gain cross over frequency

og =2n (370)

Phase margin =- 180 - (- 156) =24

Phase margin required = 40°

For the above phase margini.e. = -180 +40 =-140
og = 2= (200) '

The required high frequency attenuation = 20logp = 9.5
B=2.99

Chose the upper corner frequency of compensator

= 1 decade below og new

Zc=11T =2xr(20)

Pc=1/pT =125.67/ 2.99 =42.03

For lag network

The transfer function of the above lag network is
R2 Cs +1

Ge(s) =
(R1+R2) Cs+1
R1+R2

Let substitute R2C = T and ===e=e===r==== =B (>1)
R2

B(s+1/ BT)
Equation 1 is suitable for frequency domain design

Equation 2 with the 1/ p factor cancelled by an amplifier is suitable for
root locus design. 6
3
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For Lag network T = R2C
letC=1uf; RC=T =1/2c =

R1+R2 R1+8.2

= cmemmmmmmanan e R = 2,99
R2 8.2

R1= 24,52 - 8.2 = 18K

For unit step response of the system with gain set at 5(14dB)
Find %Mp = i ip = 1888 =

To check weather required PM is obtained at mg new, one-volt sine wave
Input is given at mg new to the input of error detector of the compensator
network and the values obtained from the graph are verified experimentally.

In X-Y mode find X, = ; A, = ;
¢ =-SInt (X I A)
Resuit:

Thus the lead and lag compensators are designed to satisfy the given
requirement and the calculated parameters with the compensators are
_verlﬁed for the given network.

Questions:

1. Draw the various compensation schemes used for feedback control
system?

o What are the factors that affect the choice between the two
compensation schemes?

3. What are the different types of electrical or electronic compensators,
which are widely used?

4. Lead compensator increases the margin of stability - True or False
5. When will you select lead compensation?

6. When will you select lag compensation?

7. Lag compensation is essentially a low pass filter - True or False
8. Draw the S - plane representation of lag compensator.

9, Draw the S - plane representation of lead compensator.

10, What are the adyantages of the cascade compensation?

11. Define phase margin, Galn margin

12; What Is phase cross over frequency, gain cross over frequency?

85
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LIMEZAR SYSTEM SIMULATOR

=
st v ~ - . L '
v sy the Ume resgonss of @ varisty of simulated linear system and
wenty wih SCeorstice! values

Specification:

Build in sourcses ¢

amplituds 0 - 2v (P - P)
frequancy 40 -90 Hz
Triangular wave amplitude 0 - 2v (p-p)
frequency 40 - 90 Hz

: e =
Trigger amplitude +/-5v (P -P)
frequency 40 - 90 Hz

Squarea wave

Procedure:
Open loop response:
a. Error detector cum variable gain
" 4. Any one of the 3 inputs is given 100 mv square wave signal
The gain setting potentiometer is set to 10

2
3. The output (p - p) voltages noted with its sign, the gain is also
- calculated (this is the max value of gain possible for this block)

4. The above procedure are repeated for the other Inputs

5. By connecting the signal to all these inputs equation of thia black
was developed and veriflied

b. Disturbance adder :
1. With the two inputs a square wave signal of 100 mv s applied

2. The output (p-p) voltage Is measured and Its sign Is noted the
gain is noted

3. The above procedure s repeated for other Input,
' 39
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c. Uncommitted amplifier

1.
2.

One-volt (p-P) square wave input is applied.

The output (p-P) voltage and its sign are noted. The equation
of this block also noted.

d. Integrator

y
&

One volt (P-P) square wave input of know frequency is applied

The output (P-P) voltage of triangular wave magnitude and its
phase is noted.

The gain constant (K) of integrator is calculated (If the square
wave is of frequency “f” and peak-to-peak amplitude 4, the
peak-to-peak amplitude of the triangular wave at the output of
the pure integrator is given as k/4f). The transfer function of
this block is also developed.

e. Time constants

¥

2:

Note: -

A 100mv(P-P) square wave of know frequency is applied to
the circuits.

Units step response of the first order transfer functions, the
output Is of the form

C(t)=k(1-01)

With time t = T; the response reaches to 63,2%. This is the
time constant. Where

steady state output (p-p)

Steady state input (p-p)

The steady state value of the response is traced and the paramaters
of the transfer function of the block is obtained.

" To get a properly synchronized waveform, especlally for small values of
signal, It will be convenient o use the bullt-in trigger source keaping
the CRO In "a_xternal triggering” moda.

(1) Closed Loop Response First order systom

Note:

The first order system Is characterlsed by one pole and /or a zoro. A
pure Integratar and a single time constant having transfer function of

the form -
K K :
1 [+ are tha two common forms of the first order
8 aT+1 : -

closed loop systems,

o B T R R i T e i it e

41
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6.6 STEADY-STATE ERROR FOR RAMP INPUT,
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' L] : ——
1. r%‘:e ‘f’o'tK(‘i-P) square wave input is applied and the output wave
m for K = 0.5,1.0,1.5, ... are traced. The time constants for each
case is calculated G gy b
pa?

The study state error are calculated for the above cases and are , . .
compared with the theoretical values

3. To study state error for ramp input:-
(i) One volt (P-P) triangular wave is applied as input

(i) The CROis kept in X - Y mode the system is connected to “X”

~ -input and outputis connected to “Y".input. The wave is traced,
the steady state error (ess) i.e. the vertical displacement
between the two curves is noted.

-

(iii) The steady state error for different values of “K” is measured
& is compared with theoretical values.

(iv) Closed loop Response - Second order systems
1. Connections are made as per the block diagram..

2. One-volt (P-P) square wave is applied as input, the output waveform
is traced for various values of “K". .

3. The corresponding peak percentage overshoot; settling time, rise
time and steady state errors,3,0, are calculated

4. For type - 1 systems the steady state error was obtained using r
amp input ( for a step input the steady state error will be zero, the
input must be of_ramp nature) :

Formula:

Closed loop second order type - 1 system
C (peak) - C (a)

Maximum over shoot (Mp) = . % 100
: TR G (OL)
Settling time (ts) .
ts (+ 5% tole'rance band) R e
- dw,
4
ts ( +_2% tolerance band): ® ==
: ; do,
Peak time (tp)
tp = — : =%
i (15 0%
45
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Rise Time (tr)

- (tan' (N 1-82 /8)
tr = Where, wd = wn V1 - 82
wod

Steady state error {ess) for uuity feedback system

Ess=Lte (t) =Lt (r(t)-c(t))
t—a t—o

Note:

A simple wave to calculate steady state error without actually computing
the time response is available in the complex frequency domain.

For an unity feed back system applying final value theorem of Laplace
transform,

ess = Lt e(t) =Lt sE(s)

t—a s—0
= Lt sR(s)
s—0 1 +G(s) H(s)

Open loop transformer function calculations
i) Integrator:

Input: 1 volt (p-p) square wave for time period 9, the integrating
capacitor charges from a constant current 0.5 / R.

Qutput :friangu!ar output

0.59% 9 )
Vp-p = = = ="K

R2C 4RC 4 :
Where

4 x f x (p-p) trangular wave output amplitude in vots
Kl = :
(p-p) square wave Input amplitude
: ' : > 4

Therefore Ki = 4
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FlQ.4 STEP RESPONSE OF AN UNQERDAMPED SYSTEM.

48
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ii) Time Constant:
The transfer function is of the form

KT

(8T.* 1]
From open - loop measurement

K= 1

iii) Calculation of & and wn from experimental values of Mp an

TT = msec.

dtp

Mp = exp (-nd 14‘1- 5%

(In Mp)?

5Cal =
n2 + (In Mp)?

For Mp = - dcal = :

T

wn cal =
tp ¥ 1-(8,,)°

iv) Calculation of 3 and on from open loop transformer function:

Open loop transfer function of given‘second order system is given by

KK,

& (8T, +1)

Closed loop transfer function G (S) can be written as

K, Ky

82+ sT + KK,
In standard form a second order system can be repeated by

' w2 .
G(s) = ‘
' +250, S + 2 (2)

Comparing coefficients in the denomination in (1) & (2)

49
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Tabulation:

a) Open loop response error detector cum variable gain:

Input: 1V square wave

Transfer

Input voltage Qutput function
el (P-p) Frequency voltage parameter
values

Forward Gain

K

Integrator

Time Con-
stant ,
K

T

———

7.2

Time Con-
stant

it gp— —

g7, + 1

Uncommitted
Amplifier
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b. Closed loop response:

First order with type 0/ 1 System

| Steady s{ate error
5.No K Time Constant
Theoretical Practical

Type O

Type 1

Second order type 0 System
S. P
No| K %Mp i ki t, B | 0N | S5 ine |9 ooms s

52
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e Second order type 1

S;‘O K %Mp tr tn ts 'Sca! mncal ésr}peﬂlol:u:c ss
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T WERSES L e

2 u ‘ e e .
(nn ' U—}n it ’

20,0 = ' b openloop = ;
(open loap)

iil) Measurement of steady state error for ramp input

Note : A ramp Is not practical, the measurement is done using a triangular
input.

l) Foraramp inputr(t) =Rt where R is the slope

i) For a triangular input, the effective slope is double due to change
in slope sign so that r (t) = 2Rt

For 1 volt p-p input of a time period msec
1
R = ———
/2
Effective slope = Re =2R =
Re '
Steady state error (ess) = =
K, K;

Limitations of the system performance :

1. As most of the measurement are done using CRO which may not
be better than + 5%.

2. As the system is used with IC amplifies, its bias currents and other
error voltage / current should also taken for calculation. But these
are not includad in tha calculation

3. The frequency response of all the amplifiers are assumed to be
flat, but may be true for a limited low frequency range only.

4. The gain of error detector cum gain block is adjustable in the range
0 - 10 (for some configurations it may be too large but for some
other configuration its may be too small)

Result

The time responses of a variety of simulated linear systems were
studied and their theoretical values were verified.

Questions:

1. What are the time domain specifications required for the design of
a conirol system?

2. Whatis the need to have an error detector in feedback control system?
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9.

Will the amount of maximum % overshoot directly indicate the
relative stability of the system?

What do you mean by second order type -1/ first order type - 0
system?

For a unit step input what would be the steady state actuating error
for type - 0 system, for type - 1 and higher order systems?

What is time response
What is transient and steady state response.

What is the Importance of test signals’ and Name of the test signals
used in control system. '

What is weigning function?

10. Define poles, zeros and damping factor

11. What is type number of system? Give its significance?

12. What is steady state error?

13. What are the static error constants.
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Lead Compensation Design

Aim: To desion. i
Syzfc;fn‘ implement and study the effects of a Lead Compensation network in a given

Equipment Required:
Compensation design unit
CRO
Probe
Patch chords
Resistance:
Capacitor:

Procedure:

a) Bode plot for the plant: Uncompensated System

1. Connections are made as per the panel diagram
One volt (p-p) sine wave is applied as input
Adjust from low frequency to high frequency of the (sine wave) applied voltage and
the corresponding magnitude (db) and phase angle with respect to the frequency value
are obtained.
4. The Magnitude-frequency and phase angle - frequency plots are plotted.

L) N

To obtain the plant transfer function Draw a tangent in the magnitude -

>

(sT+1)'
frequency plot to obtain the performance corresponding frequency and from that the
plant time constant (1) is obtained and from the maximum magnitude value i.e.,

20logK = Max(G) the value of K can be calculated. Here K is the plant gain and T is
the plant time constant. From the lissajous figure A, B, Xoand Yo values are obtained

Frequency domain Performance:

Open loop bode plot is plotted (fvs |O\) and (f Vs £G)

Where |G| = 20!og(-{3—} and £G =~Sin” (%) for the positive slope of the lissajous
A

o1
figure. For negative slope £G =—-180+Sin '[ 4" } and
; K
Plant Transfer function = 7%
(s7+1)
b) Lead network design

i 1 as diagram.
1. The connections ar¢ made as per the panel : .
2 For the given design specifications i.c. Phase Margin (PM) and Steady state error (€ss)

Note: ess = Lt [r(r)—c(!)]. Obtain the proportional gain value (K,.). Obtain
=

20 Iog(%) in db and plot
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d

Nole:

Delay Time (ta): Itis the time’ required for the output res
the final value

Position Error Coefficient (Kp) be obtained as follows

; K
. K, )
shifted by +20log N in db.

The Closed loop performance of the plant is obtained by setti
%)

)
From the gain cross OVer frequency find the phase margin. For the required phase
margin obtain the new

gain Cross over frequency which will be the zero cross over
frequency.-

K : . .
ess = ‘_—IE— (f Vs \Gl\) - whereG, =G +2010g[ £ ] _ie.the magnitude plot is
+

ng the amplifier gain as

Let ess = 5% and Phase Margin = 50° be the design specification

Phase Margin to be increased (6,)= PM specifica -~ PM from gt + 50 (tolerance) The
Transfer Function of the Lead network can be represented as follows

Gls)=F (sT+1) _ _[s‘-r—-;:)_

—_— where a:!___slﬂfﬂ—
(saT +1) (s L

al

The new gain Cross Over frequency = ‘G,\ "
angle plot.
1
T =—
m('l

1+sing,,

—10loga which is from the phase

1 1 0]
Corner fre uencies are calculated from —=&y, .,ﬂaj and —=—F=
& / al -\’a

! 1
G()" S+R‘C :a(ST‘i"l):[s“_:l;)
el ] ) ( i )

- s+—
R,C -RC aTl

i R,
From above T=RC =;)-:and a= s +-R:
then R,,R,canbe calculated.

The Phase Margin value is verified by applying sine input with the frequency equal to

the new gain cross over frequency and from the corresponding lissajous figure.

The Steady State Error value is verified by applying square input to the system
without and with cornpcnsation unit and the output responses are compared.

ponse of the system to reach 50% of
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Rise Time (1,): 1t is the time taken for the output response of the system to reach 160% of the
Tinal value for the first time

a0 S V1-67
t, m———1  where O=tan '( =

m, 7}

Peak Time (1,): It is the time taken for the output response of the system to reach its peak
value.

' 4 . . . .
:,_:wm:j_—.w:_; where §is the damping ratio and @, is the undamped natural frequency
w,N1-6

which depends on the value of &
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Table No: 1 Bode Plot

Frequency A B Xo Yo Gain in db Phase Angle 7
(Hz) I GI 1
20

40

80

100

200

400

800

1000

Table No: 2 Open loop system Bode Plot

Frequency | Gain in Phase Approximate Low Corner
(Hz) db |G| Angle Open Loop Frequency Frequency
' Transfer Function Gain

20
40
80
100
- 200
é’ 400
; 800
: 1000

Table No: 3 Closed loop response of the system without and with compensation unit

System Gain %M, T ess P
Value

Uncompens

ated System

I @ ompensate
d Svstem

|
|

O s )

AR ETC
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Table No: 4 Closed loop system Bode Plot
Phase lead required (¢,,)

é., a New gain | |Gain| at |  Corner G..(s)
crossover | 10loga | Frequencies
frequency
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c) Lead Network Design
1

2.

The connections are made as per the panel diagram.

For the required ess and phase margin the phase lead is calculate

by (¢m) = Phase margin specified - Phase margin available £10°
safety margin. '

3. The value of a for the lead network is calculated from

1- Singm
a =

1+Singm

4. The new gain cross over frequency wg, new is calculated such that
| G | g, new = 10 loga

Note:

This step ensures that maximum phase lead shalL e added at the
new gain cross - over frequency.

5. The corner frequencies are calculated frorr /T =Y awmand
1/aT =om/Va

T ET
6. The transfer function is obtained Ge(s’

s+1/aT .

7. The above value of Gc¢(s) is implemented with the help of the
amplifier provided with a few passive elements.

8. The compensator is inserted and the phase margin of the plant
with compensator is determined experimentally.

. The step response of the compensated system is observed and
- the values of Mp, tp, & and ess are obtamed
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Graph:

| Frequency domain performance ;
a) Open loop Bode plot ;

oVs|G | , ’ o
<G . a %
b) Closed loop frequency response
o Vs |C(s)]. | :
| R(s) |

i-.ll Lag network characteristics BE s

a) Pole - Zero characteristics .

b) Bode diagram f :
o Vs|G(s)]| .

Vs < Ge _
Il Lead network characteristics.

a) Pole - zero configuration
. b) -Bode diagram

o Vs | Ge | with & without amplifier‘
2y NI GE

1. All measurements are carried out Clsing CRO therefore acc .
will be about + 5% tolerance. - Kracy

2. Errors caused by non-zero bias current requirement of t i
amplifiers are unavoidable. . S 0 sneretugl

3. The gain setting of the system & com

ensati ifier mus
accurately measured for better nasultp an amplitier must be

S.
. R1and R2 not to exceed 22KQ approxi & polyester :
Design: Polyester cannot be used.

(i) Lead Compensation:
ess = 5%
Phase margin = 50°
From Bode plot,

20 log K = 13
K=4.47
; K
Transfer function of the plant = e,
(sT + 1)2

78
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N_ote:

Therefore the gain K needs to be increased by 19/ 4.466 = 5(say)
Therefore the gain margin is to increased by 20 108 5 ~dB

With this value of open loop gain,

step response of closed loop system
was found as Mp =48%; Tp

= 1.5msec; Ess = 5%
The magnitude plot
a) Frequency response measurements

Input: 1-Volt (p-p) Sine wave

CRO In x - y mode

All measurements are in volts (p-p) the measurements are carried out
by Ellipse method if a system input is X = A Cos (ot -0)are fed to the
X-Y plates of CRO respectively, the resulting trace is an ellipse given by
Y2 + (B?/ A?) X? -2 (B/A) xy Cosb = B2 Sin%0

Gain =B/ A =Y /X, (or) 20 log (B/A) dB

Phase (6) = - Sint (X/A) = = Sin" (Y, /B)

For90 <6< 180° the major axis of the ellipse (fig) has a negative
slope & the phase angle is given by

o =-180 + Sin' (X, / A)

447"
G(s) = :
(8) = 17s0.00187
Phase lead needed om) =PM o - PMya ¥ 5° :

= 50 - 24 +5° =31°
Galn cross over frequency wmew'at PM =-180 +31 = -149

= 2n(270)

-4 + Singm

‘New gain cross over fraquency | G | g new =10 loga

'==.] - 4,95 l

81
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Max phase lead shall be added at the new gain cross over freq.

140 + (-4.95) = 135,05

1 1
T = - =
nC1 2n (135.05)
=1,18* 10-3 ‘

~ Corner frequency is calculated from 1/T = Yo om
(or) 1/aT =o0om/ Vo
1 1

nn = —_ = —
A+ T ¥ 0.32 (1.18* 10-3) .
. =1498
" For Lead network
R2 R1+Cs+1
G (8) = ——
= R1+R2 R1R2Cs
+1
R1 + R2

This can be written as
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Tabulation: -

Fig: Phase gain measurements using CRO

Freq. Gal 1%
Hz A B X, Y, d&g’) PE’;};’

10

20

40

80

100

1000
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(8 + 4/7)

—
st At i 2

{8 + 1/aT)
RIC=T,; LetC=1 puF

T 1.18 * 10-3
Ri= — = = 1180 ~ 1.2K
c 1*10-6

R2

Ri+R2
R2

0.32 =
1180 + R2

377-6.1.1 =R2-0.32R2
377.6 |

RZ = =553.2 ~
0.6
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Iwa

Ry
T i
P gy |%ee?"  (a) NETWORK STRUCTUCTURE

‘-z_""’_- —t s

(b) PQLE-ZERO CONFIGURATION

’
L}

Ge=WITH AMPLIFIER

(¢) BODE DIAGRAM ' .

Flg. 8. -LEAD NETWORK CHARACTERISTICS.

02

J

Scanned with CamScann



Results

Thus the lead and lag compoensalors are deslgned to satlefy the glven
requirament and the calculated paramoeters with the compensators are
verifled for the glven network.

Questions:
1. Draw the varlous compensation schomes usad for feadback control ‘
\ system?

2. What are the factors that affoct the cholce botwaen the two
compensation schemes?

3. What are the diffarent types of electrical or electronic compensators,
which are widely used?

Lead compensator increases the margin of stabllity - True or False

. When will you select lead compensation?

4,

5

6. When will you select ‘ag compensation?

7. Lag compensation is essentlally a low pass filter - True or False
8. Draw the S - plane fepresentatlon of lag compensator.

9. Draw the S - plane representation of lead compensator.

10. What are the advantages of the cascade compensation?

11. Define phase margin, Galn margin

12. What Is phase cross over frequency, gain cross over frequency?

96
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STEPPER MOTOR STUDY
Alm:

To conduct an experimental study of the operating characterlstics and
its controller

Equipments required:

Steppef motor unit
CRO (Storage)
Microprocessor Unit
Probe

Patch chords

Procedure:
i) Basic step angle measurement

1. The connections are made as per the panel diagram.
i.e. All phases to the corresponding drivers are connected

2. The switch S1 is kept at manual stepping
3. Clockwise (CW) rotation s selected

4. Ten pulses are applied manually and note the change in angular
position from the dial.

Change in angular position for 10 phases

- o 0 08 50 0 B ], 0

Basic step angle =

ii) Speed and direction control:
1. The connections are smade as per the panel diagram
2 The switch 81 is kept at free run position
3. The supply is effected.
4

., The pulse frequency is set to about
accurately using the CRO

5. All phases to the corresponding drives are connected.
6. Shaft rotation speed and time are noted.
7
8

10 Hz and measure its value

. Steps per revolution is calculated -

_ The above procedure s repeated at other frequencies and an average
value of steps per revolution Is found.

9. The above steps are repeated with direction of rotation reversed
iii) Low frequency dynamic resonance:

Caution: This test must be conducted at low permissible frequency to
avoid excessive vibration

1. The connections aré made as per the panel diagram.

07
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Tabulation:
Steps / rev

No. of steps Rad / rev

Pulse between
fregency CcW cCwW

10

20

30

Average

Average value of steps / rev.

Tabulation:

Parameter from the i
characteristics Mode A Mode B Mode AB

% M,

T, in sec.

Tg in sec.
¢

Stepping rate

tr in sec.

100
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2. The potentiometer shaftis engaged to the shaft of the stepper motor
3. The switch S1 is kept at wobble position

4. The drive circuit if stepper motor is connectc—.:d in Mode - A.
Phase -2 to drives - 1 and Phase - 4 to drives - 4.

5. Y output of the panel is connected to the storage oscilloscope.

6. The supplyis effected and a very low frequency is applied the waveforms
are traced.

7. The supply is switch off

8. The drive circuit for Mode - B operation is connected. i.e. Phase -1to
drives - 1

Phase -2 to drives - 2
Phase -3 to drives - 3
Phase -4 to drives - 4.

9. The supply is effected and the above procedure is repeated and the
waveforms are traced

10. The supply is switched off
11. The drive circuit for Mode - AB operation is connected.
~ Phase 1 - drives 1
Phase 4 - drives 4

12. The supply is effected and the above procedure is repeated and the
: waveforms are traced

13. The supply is switched off

Formula:

C (t,) - C (a) * 100

%MP = :
C (a)
%M, = exp[ 118 | x 100
: ' Q1~52
Mp)?
Fromthisd =
72 + (In Mp) 2

n A .

tp= = i - sec.
on ¥ 1- 8 /

T P
ON = = rad / sec.
' t,V1- 8% .
ty =(+/-2% folerance ) =4/3dwn = sec. ek e :
Maximum single stepping rate = 1/t Hz.

101
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Sample Program : 1

Aim : To make the motor take 1.5 revolution in clockwise
direction at a speed of 30 rpm.

Address Code Label Mnemonic Comments _

2000  31FF21 LXI SP. FFH : Stack initialisation

2003 0EO01 MVIC, 01 : One revolution

2005 1600 MVID,00 : Clockwise Direction

2007 1E1E MVIE, 1E : 30 rpm Speed

2009 CD4040 CALL FREERUN18 : Take one revolution

200C  01B400 LXIB, 00B4 : 180° For 1/2 revolution more
200F CDF040 CALLANGLERUN18 :rotate by 180°

2012 EF RST 5 : return to monitor

Note : The angular position after executing this program and check that
motor made 1.5 revolution in clockwise direction from the starting position

Sample Program : 2

Aim : To Program the motor for making 10 cycle of to and fro motion with span
of 36°and a time peried of 1 second.

Address Code Label Mnemonic Comments
2000  31FF21 LXI SP. 21FFH : Stack Initialisation
2003 012400 LXI B, 0024H : 36° Span
2006 1600 MVID,00 : Start Clockwise
2008 1E18 MVIE, 18 - Speed required 1 sec period
200A  2EO0A MVIL, 0A : Counter for 10 Cycle
200C CDF040 Cycle CALLANGLERUN 18
200F 16FF. MVID,FF : Reverse Direction
2011  CDF40 CALLANGLERUN 18
2014 1600 - MVID, 00 : Reverse Direction
2016 2D DCRL : Decrement Cycle Counter
2017 C20C20 JNZCYCLE » If over
201A EF RSTS : Return to Monitor
102
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Result

From the various tests conducted on stepper motor the following
performances are found.

1. Step angle =
2. Steps /rev. =
3. Dynamics response performances =
4. Stepping raté =
Questions:
1. Mention the various types of stepper motor.

2. Why 3 phase / 4 phase stepper motors are preferable than 2 phase
stepper motor?

T ey

3. What are the various modes available in the given stepper motor
& how will they affect the performance of the motor?

W PR T

4, V;Jhat is the use of the potentiometer in this experiment?
5. Define ‘Stepping Rate’.

E 6. What is stepper motor?

7. What are various appliication of stepper motor?

8. What is full step, half step, micro step?
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X 'RELAY CONTROL SYSTEM

A
To study the dynamic characteristics of system under -
4 . - - S T
. intentional non-linearity namely 2 simulated relay. tudy with an

Equipments required:
Relay control system unit
C.R.O (Storage)
Patch chords
Probe
Procedure:
Phase Plane studies:
(i) Linear system:

1. The connections are made for.the closed loop system without
the relay. The two outputs X and X° are connected to XandY
input of the CRO which is keptin X - Y mode with dc coupling.

2. Asquare wave input of 1-volt (p-p) at 10-40 Hz is applied and
the equilibrium points on CRO is observed.

Note:

The two trajectories and equilibrium points correspond
to positive and negative step inputs.

3. ThegainKis varied (to say 5,10) the equilibrium peint variation
is observed and the values of Mp and number of overshoot /
undershoots from the phase plane trajectories are obtained.

(ii) Non linear system:

Note:

When the relay is inserted in the forward path of the
system, the equilibrium point and shape of the trajectory
have various changes like (with positive step input).

The trajectory becomes discontinuous at the point of switching

ii. Noinputsare available to the system with in the dead zone, if

present
| switching resuits in the presence of hysteresis.

iil. Unsymmetrica
o2 105
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1.

Result:

The gzin “K” is set o 10 and H = 0 and the dead zone is increased

to make the system stable .(this can be judged by the absence of
a “centre” on CRO)

A square wave of 10 - 40 Hz, 1V (p-p) is applied and the trajectory
and equilibrium point are observed Mp and number of overshoot
are noted and compared with linear system results.

The dead zone is increase further and the effects on the singular
point and from that the transient response are noted.

The dead zone is decreased to zero and H is set o 2 low val
0.2 say. Asquare wave input of 10 - 40 Hz, 1V(p-p) is 2pph

ue
a2pplied 2n
the phase trajectory is observed. The stability of the sysiem fror
the nature of the singular point is found.

of
id

—
ad

The above step is repeated for H = 0.4 (medium) and H = 0.8 (7igh

Jm.-‘

the readings are tabulated. The effect of the increasing nysisrssis
is noted.

The dynamic characteristics of system under study with an inlenfional
non-linearity namely a simulated relay is studied.

Al il

Questions:

1. How non-linearitiés are introduced in the system? How ara they
classified?

2. What is dead zone?

3. What is hystersis and backlash?

4. Draw the input - output characteristic of a relay with dead zons
and hystersis. )

5. What is phase trajectory?

6. What is singular point?

7. What are the methods available for constructing phase trajectonies?

8.

Whﬁ is a non linear system? state its disadvantages and limitation?
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. DIGITAL CONTROL SYSTEM
Aim:

To study the digital control of a simulated system using an 8 bit
microcomputer i.e., to study

a) the effect of sample delay on the output
b) PID control
c) An uncompensated system &
d) Lag compensation with the given software package
Equipments required: ‘
- Digital Control System Unit
Microprocessor kit

Storage Oscilloscope
Probe

Patch chords
Procedure:

a) Process Identification:
1. Connections are made as per the figure 2.
2. Square wave input is applied to the process-input terminal.
3. The output reSponse and the input response are traced.
4. The process parameters (K), (a) are calculated.

Note: For proper time measurements, the time base should be
synchronized with the square wave input,

b) Digital System - Closed loop response
(i) ~ Fixed Forward Gain - Variable sampling rate
1. The connections are made as per the figure 3.

&

2. The program (DELEFF) to study the effect of sample delay on the
output which is available in the address 5000h is executed for a
forward gain (‘P’) = 4 (say) and a delay setting of 0 (say).

3. The ‘CLK OUT’ pulse on the CRO is observed and the time between
any two pulses are measured. This is the actual sampling period.

4. The system response is also observed and the peak overshoot is
obtained from the peak and steady state (Css) values.

5. The above steps from 2 to 4 are repeated for different forward gains
(P) and delay settings (1,2,...) and the results are tabulated.

(ii) PID Control -

1. The connections are made as per the figure 3.

2. The program to study the effect of PID Control on the output, which
is available in the address 5030h, is executed for various gains
selected out of 16 levels as listed below.
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NOMINAL VALUES

¢ ¢
%: H‘ Ry = 12K
—-—WR-L y .—-——\/\,E-!-— Ry = 10K
Ry ; Ry C = 0.47 MF
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‘Flg. 1. CONTROLLED PROCESS STRUCTURE
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| Transfar Function !
2
(R, /R)) Ka?
T G(B) T | o 2 | sesnnne Saad
1+ 8CR, (s+a)?
(R;/ R} Ka?
B eaneesncnmas B . asksseenaws
1 (s+a)2
------ +s | CR,
CR,
2
R,/CR,R,
1
§ 4+ sesaces
CR, )
2 1 1 )2
= ...[.j..’fﬁ.‘]. ..... 4 = meamem—- : Ka? =| ~==e==e==
: I s ERy CR,
§ + wmeen
CR,
g 1ol r I 10K |
1/CR, " C 2 i ___E.. W Fanad = 0.694
Z| eenenemmee = p——
: 1/CR, CR, R, 12 K
1 1
P am—— E evsemmamesvessemvmneeTs = 212.76
5 CR 0.47 x 10¢ x 10K
Formula :
Steady state Olp C(p) P-P value ;
K B eemsepansmessenes prpappesmr b YA EL L S S st

\/p amplitude R (P-P) value
1.678

- e L L L L L b Ll et bt
-

a = w---rcoov\t-w-@‘ -

time for the respanse 10 reach % C(a)

Ka?

G(s) = f'“;;’;;)i
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Cpeak - Css

P control with delay Kp = mp = e 100
Cpeak - Css
8. | Delay MNP 5 svecssssnsensea 100 | 18 e 3
No. | Setting Cpeak| Css [Mp Gos T
PID control with delay Kp = Kl = KD =
Cpeak - Css
8. | Delay et
No. | Setting Cpeak| Css [mp= s x100| 1s - 6
é
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Uncompenssted system

P R L

i Cpaak - Css ;
et ‘ m”k f}é@ m p F wesesvwesreveory f, 1_!}0 tr tp ts eﬂ« b
”fh Gsz 2
Lag compansated system
8 Cpeak - Css
No: K |Cpeak| Ces |mp= ----{-:-;;----- %100 | tr | tp | ts - 3
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Résult;

Thus with the digital aontroller the effeet of sample delay on the eutput,

study of BID aantraller, implemantation of lag compensation In the glven
simulated systam and %Mp and ees are tabulated.

Questions:

1. What I8 the need to use Digital Contrel?

2. Draw tha baslo structure of a digltal control system,

3. What do you mean by Zero Order Hold?

4. What are the factors limiting the gain of the feedback system?

What is the need for using Z - transform for digital control system?
Can Laplace transform be used?

8. What is meant by sampling
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