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An el{fic rrain u*s a pmrograpn to dnw power frcn el@riol line. A fedbek contol
syst€m is used in order lo avoid loss of conlacl of $e panlosraph io d1e power linc The

conponeo$ of rhc pmlogr.pn srsten ee shoM in Fi8m Q L A molor alplies upNard tbrce

ro tne pdtogBph l@e. A fore scMr nc6ules the rote aPPlied by lbe pdtogtph ro thc
poNer linc md prcduces a voltase poporliohal lo thc nedurcd 6rce Tn€ dcsned foEc is sot

by the rDin mginee! lhrousi a polcnlionetcr 6 d input lrdsdncr whicn prcduces d idput
vohage A PID contrcll€! is ced lo 6nel the stslcn.

Dnw a functional bloct diaelm shosing the fcedbacl contol syslen ol $e
pdloslph md idmtify all signah in rh. bl@t diagrd. 

( I 0 n&ksl

Thc model ofthe pdlogriph st6ln is shoM in FiEurc QIO) The Psd€t6 or$e

(i) m6s olpdrogBph r'me, rr'
(n) ndsoapmtoglphhead,hil
iiii) spnns coBldi ofpovci lin€, *r:
(iv) spnns co.shl ol pelolrrlb shoe , t :

(v) sprins consffl ofpdlograph hcad, *,:
(vi) dmpine coefiicient of peto$aph head, ,rl
(vii) d4npi.g oemcicnl of pmlostph lian., bt

calculat€ tne tdsfer fuclion

c,(t=H

17.2 kg
9.1Lg

Thc locarion olpol.s in thc $pla.e indicates lhe rcsulring tusenr EsFonsc

Civc 3 condilion of poles l@arion rhlr can ddemtne wltrhd rhc svsEn is

A unity feedback systcn has an opd l@p lransfcr fnnclion s follows

o(t=
r(r +5)(r'+2r + 5)

(b)

The mge of"rlue ofX for s'rblc s)slcm

Ths value ofK thatvill lesnll in the systcm b€ing rdginallv slablc.

2

(ii)



(iii) Th.localion oflhercols of tbe chtrelristic equation for the valuc of(found in
Q2(bXit

(5 mdkt

(c) The unity aeedback ol rhe sysrem wilh the rollowing loNard tmsfci rbcrion:

' KG+t)
(5+/rl

is ro be desiged to me€t tnc follovins specilicalions:

(i) Thc deady sule enot aor unit slcp inpul is 0.1.
(ii) The danpins ralio for the slsleft is 0 5

iiii) lXe nat@l ftcquacy is r4OEds

Find the vdues of,<, d, md I in otdcr to meet the speificstions nsing ssond order

protoir?e appioximahon. 
{/msr9

or rdr 4 ||nsr feedDal (onkol Edem has a block drJgrrm sho{n 'r l-igurc Qlrt) Unrd
blocldt.sr rcdudFn ru16.obLrn!t., ro'cnloop rrdsfs tu*"- 

"" "1:', .,r.,

(b) civen the rr&sfd iunction:

- vG)
tLs) r" l" + Z

Findfie resPond }'0) ro rhc input4o =5t !()

(c) obtain ihe invee Laplae ransfom oaFfr, where

.Lrr = s(r, {, +r)

01 (a) A sidplific<l bl@k diasM for 3 sP&e lelcsop€ is shown in Fis!re Qa(a)(i) fte_ 
outp ;spons ro /at = t!4, input when r = 2 is sho*n in Fisure Q4(axii) Civen thrt

Ir = 2 seotrds



Brs€d on Iigu!€ Qa(axi)

( i) Calcdh'ethc ns !me, t

('ril Calculare rhe sculing rime. /,

{iv) lfrhc srstm h d6lgncd lo have a

calcularc the ncw duping ratio. < .

civn the s,st€m shoM in FiEm Q(bXi).

0) Dclom'ne lhe 5Ysl6 l}?e.

(ii) Calculalelhc s€ady salc cmr aoran inplt or4lfrr'

(iii) Cahulate sleady sarc enor for an inpnl of4t,f,

(iv) Calculaic $eady{at eror for an input oi4r?,f,/

(v) B6ed on the 6ult oa Q4O)(ii), Q4(b)(in), &d Q4O)(iv),
inpur lo ploduce z@ steady{talc enor rbr fte svsten

Based on tho chdaclerisdc
(polet md cndins poirts
pldc d shos in FiEuc

Considd the sinplificd fofr
in m mlqna lreking system

(i) cons!ruct ns @t locus.

(ii) Calculatefie valueof K$lhd rnedmpinentio is (=0 5 dd srve
aU closcd loop poles for lhc lalue ofr'

equatio. ol$e fo ard pa$ofa sysrcn, $estanrnspools
vco{r ol rhe rool locdc ol rhe s)qen ue ploncd on rhe r'
Q5(a). Cahulale lhc dgle ot depanure liom lhe comPtq

(3 n&kt

oflhe liDsfd aundion for posnion sdomcchmisn nsed

as shorn in FiglE Q5O). Bynsins rcot l@us rcchn'que:
(b)



ctrtr a uniD te.dbak sy\tem qth open l@p hJ€r tunllbn L rolbwc

(s+lxr+ r)

whse K" z4 p. aE the sain, z€ro, dd pole of lhe compcnslor respcclivclv, is desigrd lo
yield thc fol lowrnS spa i lications:

(i) seltling tine 1.333 seconds (2% cnlenon)
(ii) perccnl ovenh@t: 4.2t0 %

(a) Ths rcot locus ofthe syslen isgivcn in figure Q6G) Redmq lhe rcot locusin a 8ra!n
papci md obrdn $e dcsiEd pol6 locdtion il lhc lead conPensalor hs bc€n adddl

(7 nrdks)

(b) oblain the ansle vhich viu b. contributed by rhe comp€neror ro rbe syslen 
(4 ndtc)

Obbin rhc pole md reo of lhc onpcnetor usine bist mgle method
(7 mekt

Obr.in lhc gtin of rhe conpemalo! dd hqce sile $e lresfd fucdon of $e
conPctraror. 

(4 nrks)

Thc Phde-Lead conp€hsalor circuiL Nitn s dplincr is shown in Q6(c)' Ils tmsftr
function rclatcd lo tne lalues ofits eletronic conponen$ 

's

l_ r )

C.c)=l,.1-i
\ dT)

4 =a.
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FiquROl(a)

4E!8!_qkXn
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qcuBlq4i(ii)

E!CUEEIU!}Ij)
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i(( + 2)(s + r)

FICUREOS(o)

E!GU8-E_A!!}
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TABLE I

TABLE2
Laplace trdsfom thorens

r'Y( r'rl=. F(r)

.l'! J!1.,-S.'r,l ,n_ r

rlf rr,rf = 1l!
lm/r,'=!|I*ls)
lim / llr= lm \f (r)
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TAI]LE 3
z" o.a.. p.o6iiiF". 

"q*rions

T,=

-L

r1') ,"

!, = "il-
,"3
"- t "


