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Technion—Israel Institute of Technology, The Stephen B. Klein Faculty of Aerospace Engineering

ConTrOL THEORY (00840738)

TUTORIAL O, REVIEW OF SOME “DYNAMIC SYSTEMS”” MATERIAL

Question 1. Draw the asymptotic Bode magnitude plots of the transfer function

k
(T1S + 1)(‘[25’ + ]),

G(s) =

where 7; > 0 and 75 > 0.

Question 2. Draw the Bode and polar plots for the following transfer functions:

1
1. Gl(s)szorr>0;
2. Ga(s) = k f > 0and k > 0;
. Zs_s(rs—i—l) or T an :
728 + 1

3. Gs(s) = forr; = 1 and 7, = £ and then for r; = £ and 7, = 1.

7185 + 1



A Bode diagrams of elementary systems

e static gain, G(s) = k:
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e 1-order factor, G(s) = ts + 1 for t # 0:
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o 1-order differentiator, G(s) = s:
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e 2-order factor, G(s) = (s/wpn)* + 2¢(s/wy) + 1 for w, > O:
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B Polar plots of elementary systems
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C Other useful facts learned at Dynamic Systems

Conditions on low-order polynomials to be Hurwitz:
® ais + ao with a; # 0 is Hurwitz iff all @; # 0 and have the same sign
o ays% + ays + ag with ap # 0 is Hurwitz iff all @; # 0 and have the same sign
o a3s® + ars? +ays + ag with as # 0 is Hurwitz iff all a; # 0, have the same sign, and a;a, > agas

Step responses of elementary systems 1 — y:

o first-order: with > 0 has

s+ 1
y(@) =k(1—e)1@)
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where A1 = —(( — /02— Dwp, <0and A, = —(C + /2 — Dw, <0
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e second-order overdamped:

with w, > 0 and ¢ > 1 has

e second-order critically damped: with w, > 0 and ¢ = 1 has

y() = k(1 = (1 4 ont)e™")1(r)
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e " sin(y/1 — {2 wnt + arccos g“)) (1)

e second-order underdamped: with w, > 0and 0 < ¢ < 1 has

1

Bilateral Laplace transforms of some signals:

SO ] 8@ 1) 1) 1) e I0) sinr +¢)10) M sin(r +$)10)

F(s) 1 1 1 1 1 ssing +wcos¢ (s —A)sing + wcos¢
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The frequency-response theorem:

e if an LTI system G has a proper transfer function G(s) whose poles are in {s € C | Res < 0},
except possibly a single pole at the origin, then its response to the harmonic input u having u(¢) =
sin(wt + ¢)1(¢) for some w > 0 is

y(0) = 1G] sin(or + ¢ +arg Gi)10) + [1m 5G| =L 1(0) + yet0),

where yy is a transient component such that lim;_, », y(#) = 0



