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1. Considcr the lbllowing input-output difl'crential equation:

!)(t) + y(t)u(t) + 2'y(t) : s

where u(t) is the input and g(l) is the output. The initial conditions are g(0) : 2 and

9(0) : 1'
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(b) Write down the differential equation in state-space form.
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(,') Skctcfi the Sirrnrlirrk block rlingrarn for the systern by courl;osing integra,tors. Show
irlso whcrc thc irritial con<litions y(0) anct y(0) arc sct.
llint: To rnultiplv two signal'u1 ulrd'u,2 in sirnulirrk, you crrn llse thc product block
rliugranr as shown bclow:
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2. Consicler tlte systern clescribcd llv the cliff'erentinl c<lua,tiorr

Y + 2y :2tt' * cI

whcre tl(l) is thc input, r/(f) is the <listurbarrce, and y(il) is t,he output. The initial
corrdition is y(0) : !.
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Sketch the response y(t) on the graph provicled rrext.
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lJ. A systclttt is tlcscrilrt:<l l-ry Lhe Ioikrwirrg tlill'crurrtiril c<1rra,ti<-lrr:

i1(t) -'211(t') : u.(t)

rvltr:t'c 'u(/) is {,lrc irrprrt arrrI y(rf) is t;he orrl;1nt. 'fhe

(a) Is tltc systetn <lcscriberl by the SLODE stable?
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(b) We wish to control the SLODE using a coutroller of the for-rn

rr(t) : I(p,(r -'Y) + I(1y'r' -l rl,1(t),

rvith /iyr, bhe f'eedback ga,irr , liiy the feecllbrward gain, ancl u4(t) an input distur-
ltance signu,l (an external signal we clo not have control over). Write the closed-
Ioop difl'erentia,l equation.
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(.) Sketch the Simulink block diaeram
question 3(b).
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(d) Wlrich values of the controller Kp and 1(11 guarantee closed-loop stability'/
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(e) Assume liyy:0. Can v<;u clcsigtt al controller lilt sucl t5,,t

(1) the closecl-lo<.rp svstern is sLtrl-rle,

(2) tire stezrdy-stttte ontput tracking error lcss tha,n 10% when the reference signal
is constant und when tt,,1(t) :0, i.e. l'!J""- r'l < 0.11r'l with y"" the steady-
sLa,te output when ,LLd(t) : 0)

(3) TItc stcady-state atteturertion of tt consttrnb input tlisturbance is greater or
cqr-ral tha.n 90%, i.e.

{:rl < o.r
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with y"" the steady-state output wlien r : 0 ancl u; is constant.

({ Kyr, can not have a magnitucle more than 20, i.e. l[ifbl <20.
Report the value of the controller K su if you were able to find one. Otherwise
claim that the control design problem has no solution.
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4. Corrsidcr the sa,rne svstern of the prcvioru cxercise

'y(t) -'2'y(t) : u'(t)

ilncl il r;outrollcr rlcscribed by the rliffercntial cqua,tion

u(f) : I(1(r -'Y) + Ifi!

Wha,t rlre the corrditions on K1 nrrcl .I(2 which result into a, stable closecl-loop system?
(l{int: the closed-loop systern linking r and 37 will be a second order differential equa-
Lion)
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5. Corrsicler the first order LTI systcrn tlcscribcd by the rlillcrentia,l cquntiort

i(t)+a11(t):tY117
(o

wherez(f):{-\ / 
l2 sin(r,,,i) * sin(100a.rt)

'Ihe bode plot for this systern is showrr

1 I 1l tr bhe inprrt, anrl y(t) is the output.f>0
fr"fu*.
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(a) Assume that the output has reached steady state after
bode plot, draw the steady-state output A",(t) for u.., : 3.

response properly i.e. amplitude, phase-shift, period.
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