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19. Write the force balance equation of an ideal masselement.

F=M d /dt

20. Write the force balance equation of ideal dashpot.
F =B dx/dt

21. Write the force balance equation of ideal spring dement.
F=KXx
22. What is ®rvomechanism?
The sewomechanismis afeedback control s/stemin which theoutputis mechanicd postion (a
time deivatives of positon veloaty and acceleration)
23. Why is negative feedbadk invariably preferred in closedloop systen?
ative feedback results in letter staility in stealy state and rejects any disturbance signds.

PART B-16 Mark Questions
UNIT -1
1. Draw thesignd flow graph and thefigure shown.

7)
Yl @@ﬁ

2. Write the diff erentia equaionsand obtainX3(S)/F(S) for the medanical systems@@draw the

force voltage and force current arelogies. @

3. @) (i)Reduce the block diagram given below to find the closedloop Transfe function by reduction
method wha thel/P R is at sétion-|

(i) Reduce the block diagram given aboveto find the closed loop Transfa function by signd flow
graph when the I/P R is at sétion-I
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Station - I Station - IT
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7. Write thedifferential equaions gverning the medanical system. Draw theforce-voltage and farce
current electrical andogous circuits andverify by writing mesh ad noc equdions.
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9. Daive the tiansfa function for Armature controlled DC s&vo motor.
10. Deive the tiansfe function for Feld controlled DC sevo mobr.

Unit - Il Time Regponse Analysis

Two marks

1. What is transient response?

Thetransient esponse ishte response othe system when the ystem changes from one st to

anothe

2. What is gdeady’s

n
The stealy stater&sponsde@ se othe ystem when it gpproahes infinity.
3. What is anorder of a systen CC%

Theorde of a system s the oder §Q%ial equdion governing the system. Theorder of
Q0 O

the ystem @n beobtaired from tetrandfer fun

given g/stem.
o
4. Ddine Damping ratio. /

Dampingratio is defined as the atio of actual danping to ciitical

Sy
5. List the time domain specifications. /@
Thetime donmein Pecificationsare @
i. Delay time Y @
ii. Risetime @f
iii. Peak time
iv. Peak oveashoot
6. Ddine Deay time.
Thetime t&en for respanse to each 50%of final valuefor the \ery first ime is déay time.
7. Ddine Risetime.
Thetime t&en for respanse to aise from 0% to 100%dr the \ery first ime s rise time.

8. Ddine peak time.
Thetime t&en for the response toaach the pek value for thefirst imeis pe& time.

9. Ddine peak ove shoot.
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Peak overshoot isddined as the atio of maimum pe& vaue mesurel from the maimum valueto
final value

10. Ddine Settling time.
Settling time is déined as the tme t&en by the response togach and sty within speified error.

11. What is the need for a controller?

The controller is provided to nodify the eror signd for beter control action.

12. What are the different types of contr ollers?
I. Propottiond controller
ii. P controller

iii. PD controller
iv. PID controller

13. What is Proportional controller?

It/)s a avice that ppduces a ontrol signd which is propotiond to the input enor signd.

odyces a control signal congsting of two temms - one proportionalto error
.c@:ﬁe integal of error signd.
15. What is PD controller?

PD controller is a proportion%e controller which produces an output signd
|

conssting of two time - one proportionalio er d otherproparttional to the derivative of the

signd. o
16. What is the significanceof integral controller and ‘s.u

@oller in a AD controller?
i. The Propottiond controller stabilizes the gin but produes a rQs.
ii. Thelntegral control reduces or éiminaes thesteady stateerror. @

17. Why derivative controller is not usel in contr ol sysems?

The deivative controller produces acontrol adion based on the ate of change of er rs%%
it does notproduce corrective meaures for any constant eror. f
18. Ddine Steady stateerror.

The stealy stateerror is ddined as the \aue oferror as time tends b infinity.

19. What is the drawback of static cogficients?

The main dewback of sttic cogficient isthat itdoes notshow thevariation of aror with time
and inputshoutl bestandad input.

20. What is gep signal?

Thestep sigal is a sigal whosevaue canges from zro to Aat t= 0 and remains onsent at A
for t>0.
21. What is ramp signal?

Theramp sgnd is a sgna whosevdue inaeases linearly with time from an initial value of zero
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a t=0.the amp sgnd resembles a onsant velcity.

22. What is a parabolic signal?

The parabolic signal is asignd whosevalue vaies as ssquae of time from an inital vaue of
zero & t=0.This paabolic signd represents constat ace eration inputto the signd.

23. What are the three constants associad with a steady state error?
I. Positonal eror consent
ii. Velocity error consent

iii.Acceleration aror constant

24. What are the main advantages of generalized error cogficients?
I. Steady stateis function oftime.

ii. Sealy statecan bedetermined from ary type of input

“
26. What is g¢eady state err &

The stealy stateerror is the v& S or.sjgad e(t) when t tends b infinity.
27. Name the test sigrals used in control Se@

The comnonly used test nput sgnds in control

/? H pulse stepamp aceleration and
sinusidal sgnds. ﬁb
28. What are static error constants? @
TheKp, Ky and Ky are called sttic error constnts. @%

29. What is the disadvantagein proportional controller?

30. What is the effect of PD contr oller on syseem performance?

Thedisadvatagein proportiond controller is that itproduces a onsent seady stae erro@(7 @

The effect of PD controller is to increase the damping ratio of the system and so the peak
overshoot isreduced.

31. What is the effect of PI controller onthe sysem performance?

The PI controller increases the order of the systamn by one, which results in redudng the stealy
stateerror .But the system be@mes &ss stble than the orginal system.

UNIT - I
1. (9 Derive theexpressons and diaw therespong of first orde system forunit step input
(b) Draw theresponseof seond oder system br critically dampedcaseand when inputis
unit step.
2. Daive theexpressons forRise time, Peak time, Pel ovarshoot.
3. Derive theresponse bundanped seond ade system forunit step input
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4. Theunity feedback system & chaacterized by an open loop tansfer function is s 10

s(s
Determinethegan k s that ystem wil havedamping ratio of 0.5.For this valueof k,
determine peak overshoot and pek time for a unit step input

5. A positonal @mntrol system wih vdocity feedback is shownin fig. Wha is theresponsec(t) to the unit
V WHGSXWEW K'DW  Q GD VD F WOADMPLIH S BENWPLHO O IP X PR YLHV K BERWADVD J
time.

6. A unity feedback control system has an open loop transfe fundion G(S) = 10/SS+2).Find the rise
time, pecentage ove shoot, pe& time and sdtling time.

7. 8RQWMDVFR QRGP RGH® 5 KQ 6 &Q&© )L QW8 KUNHS R ® WW R
ainputof unt step tindion..
8. For aunity feedback control system the open loop transfe function G(S) =

10(S+) S (S+1).Find (a) postion, velocity and acceleration error constants.(b) The stealy state
error when the input$ R(S) where R(S) =B3/S 2/F +1/3S

9. The open loop transfe function of a se'vo systan with unity feedback systemis G(S)=
10/ §(0.1S+4.).Evduate the static error constnts of the system.Obtan the stealy stateerror of the
system whe subgcted b an inputgiven by the plynomial r(t) = a +at +& /2 £ .

10. The qpen loop transfer function of a systemwith unity feedback gan is given as G(S) = 20/S+5S+6.
Dete

G(S)=5019%
r(t)=1+2t+t".
12. Thedosed loopl f ofasecondorder system & given by

Q
T(s)= 100

s* 10s 100
Detemrminethe damping ratio, nd ogtillations rise time, settlng time and
peak overshoot.

13.With necessay diagrams explain the P7R, n and explain its outputequdions.

Unit - |11 Frequengy Re

Two marks

1. What is frequency response?

sinusidal sgnd.

2. List out the diff erent frequency domain specifications.
Thefrequency domain spcificationsare

I. Resonan pe.

ii. Resonat frequency.
'"HL 85N ROQQ/ HBN " U
The maxmum valueof themagnitude of dosed bop transfe function iscalled Resonat Peak.
"HL Q5 N RDQWWHNHRA )
Thefrequency at which resonan pe& occurs iscall ed resonar frequency.
5. What is Bandwidth?

The Bandwidth is the range of frequencies for which the system gan is morethan 3 dB. The
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bandwidth is a meaureof the ability of a feedback systemto reproduce the input signd noisergjedion
characteristics and risetime.

6. Ddine Cut off rate.
The slope of the log-magitude curve near the cut-off is called cut-off rate. The cut off rate

indicates thesbility to distinguish he signd from noise.

7. Ddine Gain Margin.
The Gan Margin, kg is defined as the reciprocal of the magnitude of the open loop transfer

function & phasecross wer frequency.

8. Define Gain margin formula. Gain margin
Kg * MSF
9. Ddine Phase coss over

reguency at which, the phase of open loop transfe functions is called phase cross over
| BT XQHR

10. What is Phasemargir(?
The Phase mamin is heselag at the gain crossove frequency required to bring

system o the vege of instabiity.

11. Ddine Gain cross er. §
ThH*OL GU R RYUH T XQIF ~ JF L KIKHNIG—DQ_XI\GIRIIWPR—H}DRRS

transfa fundion isunity.

12. What is Bode plot?
The Bode plot is the frequency responseplot of the transfef fu H@ em.A Bode plot

consistsof two graS K2 Q H W KSHO R IR DQLXAG R IV L R \G/D@RUI VORI 7KH
RWHKKNUD FSIO\WWWHIO H IRV L Q X @XDIRIQ YWHXV ORI

Themain alvantages ae:

13. What are the main advantages of Bode plot? ; @ f

i) Multiplication of magnitudecan beinto addition.
i) A simple mehod forskething an gpproximate log curve is aval able.

i) It is based on asymptotic approximation. Such approxmation is sufficient if rough
information on he frequency respong characteristic is needed.

iv) The phaseangle aurves can beeasily dravn if atemplatefor thephasseangecurve R1 M™
is avalable.

14. Ddine Corner frequency.
Thefrequency at which thetwo assymptotic med in amagnitudeplotis cdled Corne frequency.

15. Ddine Phase lag and phase lad.
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A negative phase angle is called phaelag. A posiive phaeangle iscalled phaselea.

16. What are M circles?
The magitude of closedloop transfe function with unit feedback can be shownfor every value

of M. Thesecircles ae called M drcles.

17. What is Nichols chart?
The chart conssting if M & N loci in the log magiitude versusphase diagram is called Nichols

chart.

18. What are two contours of Nichols chart?
Nichols chat of M and N contours,superimposedon ordinary graph. The M contoursare the

magnitudeof closedloop systemin decibels and the N contoursare the phaseangle locusof closed loop
system.

19. How is the Resorant Peak (M), resomant frequency (W,) , and band width determined from

H\QWEKBI XQ FR I* M DMK WVIHMDFS RL Q W
i) 7KHEQGZL & \tiM R RUWS RQ@ GURHABWARLO S FRLIQNVID G

8dB M-contour. @
20. What are the advantages of Nichols QJ%@

The advantages ae:

Q
I) Itis used toihd the closed loop fequency responsefro requency respong.
i) Frequency domain speifications @n be deermined fro [ S

iii) Thegan of the ystan can beadjuskd to stisfy thegiven speifi ¢

Do
21. What are the two types of compensation? /@
i. Cascade or sries compnsation @

ii. Feedback compenstion orpaallel compensaon. O@@f

22. What are the three types of compensators?
i. Lag compenstor

ii. Lead compenstor
iii. Lag-Lead compensabor.
23. What are the uses oflead canpensator?
I. Speads up hetransientresponse
ii. Increases the magin of stability of asystem

ili. Increases the system error consent to alimited etent.

24. What is the useof lag compensator?

Improwe the stedy state behavior of a system, while nearly preseving its transient repong.
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25. When lag lead compensator is required?

Thelag lead compenstor is required when both hetransient andsteady stateresponse ba
system ha to ke improved.

26. What is a conpensator ?

A device inseated into the ystemfor the pupose of satis¥ing the sgcifications s cdled & a
compenstor.
UNIT -1l

1. Sketch theBodeplot for the ystem G§) = K(e%%)/s(s+2) (s+8). Find the vaue d K so hat the gstem
is gablewith gain margin =6 db ad phae magin=45 deyree.

2. The open loop transfer funcion of a unity feedback systemis G(S) = 1/ S(1+S) (1+2S). Sketch the
Polar plot and déeeminethe Gan margin and Phaemaugin.

3. Sketch the Bode plot and hence find Gain crossove frequency, Phase crossover frequency, Gan
maigin and Fhasemawin. G(S) = 0.75@+0.29/ S(140.59 (1+0.19

4. Sketch the Bode plot and hence find Gain crossover frequency, Phase crossover frequency, Gan
maigi i an Fhasemamgin.G(S) = 10(SB)/ S(S+2) (S+45+100)

tHe/dplar plot for the following transfer fundtion .and find Gan crossover frequency, Phase

Ay, Gain margin and Fhase mamgin. G(S) = 10(S®)(S+4)/ S (S -3S+10)

efuncilon GH(S) =2(S+1)/ S2. Find Gan crossover frequency, Phase

and Phasmamgin.

ollawing transfer function and obtain the gain and phase crossover

023 Detemine the value of K for a gan cross over

7. Plot the Bode dlagr%
frequencies. G(S) =KS? /

frequency of 20rad/sec

8. Sketch the polar plot for the foIIOW| ion and find Gain crossover frequency, Phase
cross ove frequency, Gain margin and S) = 400/ S(S+2)(S+10).

9. Derive theexpressn for Lag - Lead compens ind j sfrequency respone.

10. Sketch the Bode plot and hence find Gain crossov , Phase crossover frequency, Gan

mamin and Fhasemawin. G(S) = 10(1+0.19/ S(1+0.0
11.Explain the tosed loop fequency respong with the hép of
12.Explain in detdl thedesign pracedure of lead compenstor usirg B

&
Unit - |V Stebility Analysis @@@@f

Two marks

1. What is Nyquist contour?
The contour thé ercloses entireright halfof S phneis cdled Nyquistcontour.

2. Sate Nyquist stability criterion.

If the Nyquistplot of the open loop transfe function G(s) correspondng to the Nyquist controlin
the S-plane endrcles the critical point A+0 in the counter clockwise direction as mary timesas the
numberof right half S-plane poles ofG(s),theclosed loop gstem s stble.

3. Ddine Rédative stability.

Relative stabiity is the degree of closeressof the system, it is an indication of strength or degree
of stabilty.
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4. What are the two segnents of Nyquist contour?
i. A finite line sgment C, along the imainary axis.
ii. An ac C; of infinite radius.

5. What areroot loci?

The path taken by theroots of the ope loop tandfer function when the log gain is vaied from O
to 1 ae caled rod lod.

6. What is a dominant pole?

Thedomnant pok is a @mplex conjugate par which desides the tansientresponse othe
system.

7. What are the main significances ofroot locus?
I. Themain oot locus echnique is useddr stabilty andysis

ii. Usin echnique therange of vdues ofK, for as tablesystem can bedgemined.

8. What are the fadding a Zro to asysten?

Addingazerot ay@eeses peak overshoot appeciably.
9. Ddine stability.

A linear relaxed systemis sd@%@o stabilty if every bourded input results in a

boundel output

; Q
10. What will be the nature of impulseresponsewhen th r%

on imaginary axis?

cteristic equ
Qe
If the root of characteristic equéion lies on imaginary axis the natse %se responseis

oscillatory.
11. What is the relationship between Stability and coefficient of charaderistic polyn " @
Q
Sl
N

If the coefficient of characteristic polynomial are negative or zero, thensome of the root

ation are lying

the negative half of the S-plane Hence the systam is unsgble. If the codficients of the characteristic
polynomial are postive and if no codficient is zero thenthere is a possbility of the systemto be stable
provided d the 10ots ae lying on the I& haf of the S-plane

12. What is Rouh stability criterion?

Routh criterion states that the necessay and sufficient condition for stabiity is that all of the
elements in the first column of the routh array is postive. If this condition is not met, the systemis
unsgble and the numberof sign changes in the elements of thefir st column of routh array correspordsto
the numbeof roots d characteristic equéion in te right half of the Splare.

13. What is limitedly stable sysem?

24
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For abounded input signal if the outputhas constint amplitude oscillations,thenthe systemmay
be stable omunstble under somelimited onstaints such asystem s alled limitedly stable gstem.

14. In Routh array what conclusion you can make when thereis a rowof all zeros?

All zero rows in the routh array indicate the existence of an even polynomial as a factor of the
given characteristic equaion. Theeven polynomial may have roots e imaginalty axis.

15. What is a grinciple of argument?

The principles of arguments states that let F(S) are analytic function and if an arbitrary closed
contourin a clockwise direction is chosenin the S-planeso that F(S) is andytic at every point of the
contour. Then the correspondingF(S) plare contour mappe in the F(S) planewill endrcle the origin N
timesin the anti clockwise direction, where N is the difference beween numberof polesand zeros of
F(S) tha are encircled by the diosenclosedcontaur in the S-plane

e the main dgnificances ofroot locus?

hniqueis used for stabiity anaysis

ii. Usingroot o e theange of vdues of K, for as stble g/stemcan bedeemined.

17. What are break awayRa in points?

At break away pointther C s from therea axis to enterinto the complex plane At
break in pointtherootlocusentersther complex plane To find the break away or break
in points, form a equation for K from the char st ion and diff erentiate the equation of K with

respet to s. Then find the roots of the equaion dK/dS yoots of dK/dS = 0 are break away or
break in points providedor this valueof root thegain K s

e
18. What are asymptotes? How will you find angle of asynptotes? @fe <

Asymptotesare the straght lines which are parallel to root locus going to@ med the
rootlocus d infinity.

Angles d asymptotes =+180°(2q +1)/(p-] T «« $z-1) N @@
p-numberof pdes. f

z-numberof zeros.
19. What is centr oid?

The meding point of theasymptoteswith the eal axis is cdled centroid. Thecentroid is given by

Centroid = (sum d poles +sum d zeros)/ (p-z)
p-nunber of poles. znumber of

ZEros

20. What is magnitud e criterion?
The magnitude criterion states that s=s; will be a point on root locusif for that value of S,

magitudeof G(S)H(S) is eq@ to 1.
|IG(S)H(S)| = K (product of length of vectors from open loop zeros to the point s=sg)/ (produd of length
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of vectors from ope loop poles tohe points=sy) = 1.

21. What is angle aiterion?
The angle criterion states that s=s; will be the point on the root locusif for that value of S the

argument orphase of G(S)H(S) is eud to an oddmultiple of 180°.

(Sumof the angles of vectorsfrom zerosto the point s=sg) - (Sumof the ang es of vectors from polesto
the point ss5) = +180°(2) +1)

22. Howwill you find the root loaus onreal axis?

To find theroot loci on real axis, choosethe testpoint on real axis. If the total numberof poles
and zeros on the real axis to theright of this testpoint is odd numberthenthe testpoint lie on the root
locus.If it is even then tle test pont does notié on theroot locus.

23. What is charadteristic equation?
The denominaor polynomia of C(S)/RS) is he characteristic equation ofthe ystem.

ts ofcharacteristic are related to stability ?

tenstic equéaion has postive rea pat then theimpulseresponseof the system

IS not boundel. H SysS ill be unstble. If the root has negative real pats thenthe impulse
response is bounde Hend® e et il be stable

IR_ WI
25. What is the necessay condition% ?§
t

Thenecessary condition for stabiit @oe‘ficients of the characteristic polynomial be

postive. The necessay and sufficient condition for i/ t@ll of the elementsin thefirstcolumn
of the 1buth aray shoutl be postive. /
26. What are the requirements for BIB O Stability? @ o

The requirementof the BIBO stabilty is thatthe absolute integral of @ ponseof the

system shoud takeonly thefinite vdue.

27. What is auxiliary polynomial? @O@

In the constuction of routh array a row of al zero indicatesthe existene of an even polynom
as afactor of given characteristic equaion. In an even polynomial the exponentsof S are even integers or
zero only. This even polynomial factor is called auxiliary polynomial. The co€ficients of auxiliary
polynomial are given by the dements of the ow justabovethe ow of all zeros.

UNIT -1V

1. Obtan Routh aray for the ystem whos characteristic polynomial equdion isgiven by
S+29+85'+128+20< +16s+16=0. Canment on locaion of roots and keck the stabiliy.

2. {S)=S° +$°-25-35-75%-45"4 =0.And the numberof roots flling in the RHS plneand LHS dane

3. Draw the Nyquistplot for the systemwhoseopen loop transfe fundionis G(SH(9)
=K/S (S+2) (5+10) Deteminethe iange of K for which dosed loopsystam is stble.

4. Constud Nyquist plot for a feedback control systemwhose open loop transfe function is given by
G(S)H(S) =5/ S(1-S).comment on he stabiity of open loopand dosed lmp transfea function.
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5. Sketch the Nyquistplot for a system with the open loop transfe funcion G(S)H(S) =K(1+1.59 (1+9)
/ (1+109 (S-1).dgerminethe ange of vadues of K for which thesystemis stble.

6. Theopen loop transfe function of a unity feedback systemis given by G(S)=
K/(S+2)(S+4)(S+65+25) by applying the Routh criterion, discussthe stabiity of the closed loop
systemas a funaion of K. Detemmine the value of K which will causesustined oscillationsin the
closed loop gstem. What are the orresponding osdllation frequencies?

7. Sketch the root locus of the system having G(S)H(S)=K(S+2)/(S+1)(S+3H2)(S+3-j2) for positive
value of K.

8. Sketch theroot locus for unity feedback systemwhoseopen loop tansfer fundion is

G(s)=

9. Sketch the root locus plot of a unity feedback system with an open loop transfe function
G(s) = K / s(s+2) (st4). Detemine the value of K sothatthe dominant pair of complex polesof the
system haadampingratio of 0.5.

10. Sketch theroot locus of unity feedback systemwhoseopen loop tansfer fundion is
G(s)H(s)=K/s(s+4)(s*+4s+13). Find the maminad value of K which causessustainel oscillations and
find the fequency of theseoscillations.

11. Sketgh theroot locus of the ystem havingG(s) =

Unit - V State Variable Analysis

Two marks o @

1. Sate sampling theorem.

A continuoustime signd can bec esentedin its samples and recovered back if the
VP SIOQIUHXGM )V e)P D Z KbH) VL W XQ?P\ DQ GP D L W KHDI[ FX Pl B XQHF
present in the sigal

2. What is periodic sanpling? t ?@
Sampling of asignd at uniform equaintewals is caled peiodic s 47

3. What are hold circuits & explain it.

The function of the hold circuit is to reconstuct the signal which is applied ut
sanpler. The simplestholding device holdsthe signd between two consecutive instants at |ts P
value till next samping instant $ reached.

4. What are the problems encountered in a practical hold circuits?

Hold modemay drop occur, nonlinear variation during sampling aperture, error in the periodicity
of samplng.
5. What are the advantages of state space analysis?

It can be applied to non-linear as well as time varying systems.Any type of input can be
consdered for designing the system.It can be conveniently applied to multiple input multiple output
systems. Thestatevariablessdected reed not neessaily be the plysica quantiies ofthe ystem.

6. What are phase \ariables?
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The phasevariablesare defined as the state variableswhich are obtainel from oneof the system
variables ad its deivatives.

7. Ddine state variable.
The stateof a dynamical systemis a minimal sd of variablesknown as state variables)such that

the knowledge of thes variablesat t-tg togethe with the knowledge of the inputs for t > tg , competdy
determines the bbavior of the ystem fort > tg.

8. Write the general form of state variable matrix.
The most general statespace representation of a linear systemwith m inputs, p outpus and n

statevariables is writen in the bllowing form:
=AX + BU

Y =CX+ DU

Where = statevector of order n X 1. U= input
vector offprder n X1. A=System natrix of order

Q
9. Write therelationship b main and s-domain.
All thepoles Ving in the f S-plare, the system & stble in Sdomain. Wrresponding

in Z-domainall poles le within the uni

10. What are the methods avalable for the stabi n ganpled data contr ol sysem?
Thefollowing three metlodsare avail able for thet sisof sanpled dda wntrol

system

XUV &AW H VW @@@

2. Bilinea transformation.

Q
3. Root locus echnique. @@
Q

11. What is the necessay condition to be satisfied for design using stat feedback?

Q

The stak feedback design requires arbitrary pole placementsto achieve the desire performante=
The necessay and sufficient condition to be saisfied for arbitrary pole placementis that the system is
completely stat controllable.

12. What is cortr ollability?
A systemis sdd to be completely statecontrollable if it is possble to transfa the system state

from ary initial state X(tg) a arny otherdesired stte X(t), in specified finite time ky a control vector U(t).

13. What is obse vability?
A system is sad to be completely observable if every stae X(t) can be completely identified by

measuranents of tle outputY(t) over afinite time interval.

14. Write the properties of state transition matr ix.
Thefollowing are the properties of statetransition matrix
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- (0)= eAXO:I (unit matix).

) (t) _ eAt _ (e-At)-l S -t)]-l.
St =T W ow ow oo

15. What is sampled data contr ol sygem?

When the sigd or information at ay or somepaints in a gstem & in theform of discete pulses,
then thesystem & cled discrete dda system or sanpled dda g/stem.
16. What is Nyquist rate?

The Sampling frequency equd to twicethe hghest frequency of thesignd is cdled as Nyquist
rate. i<=2f.

17. What is meant by diagonalization?

The process of conveating the system matrix A into a diagond matrix by a similarity
transfomation ugng the modal matix M is cdl ed diagonali zation.

18. Wh al matrix?

ix is a matrix used to diagondize the system matrix. It is also caled

diagonali zation mati¥.
If A =gstem matri><<7.
M = Modd matrix @S
And M =inverseof modd matrix.y

Then M AM will be adiagondli zed syste

X
Q
19. How the modal matrix is determined? @/

The modal matrix M can be formed from eigemectors.@@n m3 « P, be the eigen
vectors of the nth order system.Now the modal matrix M is obtainal by the eigenwectors
column wiseas shown blew. @

Modal mdrix , M =[mq, mo, mg « R @@

Q @f

The controllability testis necessary to find the ussfulnessof a stake variable. If the statevariables

20. What is the need for contr ollability test?

are controllable thenby controlling (i.e. varying) the statevariablesthe desired outpus of the systan are
achievel.
21. What is the need for obsea vability test?

Theobsevability testis necessay to find whether the statevariables are meaurale or not. If the
statevariablesare meauable thenthe state of the systemcan be determined by practical meauements
of the statevariables.

22. BWBWHR QL W LRRUER QRID BION \ HEBPUMWPHV KR G
Case (i) when the eigen values ae distinct

Consde the canonicd form of state model shown bdow which is obtain&l by using the
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transfomation X=MZ.
= 8
Y=Z + DU
. KHH O'AM; =CM, =M"B and M= Modd matrix.
In this case the necessay and sufficient condition for complete controllability is that, the matrix
musthave no row with all zeros.If any row of the matrix is zero thenthe correspondng statevariable is
unoontrollable.

Case(ii) when eigen vdues hae multtiplicity

In this asethe statenodal can beconveted to brdan canonical form shavn bdow =JZ + U

Y=Z + DU Where, J= M 'AM

In this casethe systemis completely controllable, if the elementsof any row of that correspondto the last

row of each Jordan blockare not all zro.

R QW LR®BEY DIEON\ HEPUMWPHV KR G

ansfomed canonicd or Jordan canonicd form of the stae model shownbdow
which is dotain etransformation, X=MZ

= 8 o @
Y=Z + DU (O @3}

=Jz+U

Y=Z + DU where =CM and M=modal may
The necessay and sufficient condition for coiI ity is that noneof the columns of
S

the matrix be zero. If any of the column is of has al zer rrespondng statevariable is not
obsevable.

Sy
24. Sate the duality between contr ollability and obse vability. /@
The conaept of controllability and obsevability are dud conceptsandit is prop aI as
principle of dudity. The principle of dudity staks thata systemis completely statecontfe kﬁl%f

only if its dud systemis completely state controllable if and only if its dud systemis complet
obsevable orvice versa

25. What is the need for state obsea ver?

In certain systemsthe stae variablesmay not be avail able for measuramentand feedback. In such
situaionswe need to estimatethe un meaurable statevariablesfrom the knowledge of input and output
Hence a stateobsever is employed which estimates the statevariablesfrom the input and output of the
system. Theestimated stte vaiable can be usedfor feedback to desgn thesystem ly pole plaement.

26. How will you find the transformation matrix, Py to transform the state model to obsevable
phase \ariable form?

I. Compue thecomposte matix for obsevability,Qg

LL"AMVRIQ WV KBJ BV H\UAT HVRLQ  RVIK WV W R A |=0.
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iii. Usingthe oefficientsag,a « 1 of characteristic equaion form amatrix, W.

iv. Now thetransformation matix, Pqis gven by Pp=W QOT.

27. Write the obse vable phase \ariable form of state model.

The obsevable phasevariable form of statemodel is gven by the bllowing equations =AgpZ +
Bou.

Y =CpZ + Du

Whee, Ag=,Bg=andCqy > « @

28. What is the pole placement by state feedback?

The pole placement by statefeedback is a control system design technique in which the state
variables ae usedfor feedback to atieve the dsired dosed loop pads.

tr ol sygdem designis carried in state space?

esign of control system,any inner paramete or variable of a systemare usedfor
feedback to achi
the location of closeddog

ired performane of the system.The performance of the system is related to
ence in statespae@ design the closedloop polesare placed at the

desired locaion by means of s hrowgh an appropiate stde feedback gan matrix, K.

1. Thetransfer function of a control system & gven by i’/ . Ched for
controllability.

2. FAnd the statevariable equaion far amechanical system shown He\@@ 0 @

3. A systemis characterized by the transfe funcion = dentify the first stateeJ f

the output. DEmine whetheror nd the system s completely controllable and obsevable.
4. Explain the adysis of samplerand zro-order hold circuits.
5. Obtan the statetransition metrix for the statanodel whosesystem natrix A is gven by

A=

6. Degeminethe tiansfa matix from the déa gven bdow.

7. Thestatespae representation of asystem & gven bdow. Obtan the transfe function.
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8. A systemis characterized by the transfa function . Identify the first stde as

the output. DEmine whetheror nd the system s completely controllable and obsevable.
9. Write the stateequation for the systemshown below in which x1,x2 and x3 consitute the state vector.
Determine whetherthe gstem iscompletely controllable and obsevable.

el aure and field contiolled dcmofor.
IS0 er and zro ode hold drcuits.

(i) Find theinverse Z- tr %_ (322427 +1)/(Z%-32+2)}.

&,
@/f?@@ﬁ
%
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