1 Step responses

1. Consider a system Y (s) = G(s)U(s) where U(s) is a unit step at t = 0 (U(s) = 1).
Prove that
(a) limyyo0 y(t) = lims_,0 G(s) (Steady state gain)
(b) lim¢—0 y(t) = lims—y00 G(s) (Initial gain)
(c) limy—0 ¥/ (t) = lims_s00 SG(s) (Initial slope)
Hint: Use the relationship:
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For a.) take the limit s — 0.
For b.) take the limit s — oo.
For c.) use the statement from b.) (l 11111 y(t) lims_;o0 G(8)), and use the fact
that di ff entiation in the time domain is the same as multiplication by s in the

freque ydmln.
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2. For transfer functions g1 — g9 in Table 1, fill in: steady state gain, initial gain, and
initial slope.
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3. Figure 1 shows the step response of transfer functions g; — gg. In the ” Conclusion”
column of Table 1 assign the step responses A-I in the time domain (shown in
Figure 1) to the correct transfer functions g; — gg.
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2 Tank System - Part two: Close loop

We consider the two tank system from Exercise 4, problem 2, and we assume that the
results are available and can be re-used without deriving them. In the previous exercise,
we have showed that the open loop relanshionship between Tp(s), Q(s) and Ta(s) is

1 1
T1*s+1T2*s+1(TO+kQQ(S)) 2)

where, 71 = 5 min and 75 = 30 min, and kg = 0.714 K/kW. in the following, we
assume y(s) = Ta(s) [K], u(s) = Q(s) kW], and d(s) = Tp(s) [K].

Ta(s) =

Tasks

1. Using a proportional controller to control T3(s) to the desired setpoint 75 st(s),
we want to examine the closed loop performance properties of the system. The
control law for a P-controller is Q(s) = —K¢o(Ta(s) — Taset(S))

(a) Draw the block diagram of the closed loop system.
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(b) Show that the closed loop transfer function for the setpoint response G such
that To(s) = GuTaset can be written in the standard form for second order

processes
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(c) Fill in the missing values in Table 2. B\«ﬂ us\jﬂ? %M(,\J(lé\/lé (Ll &/blﬁ) B
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(d) Plot y = AT for a step in AT, 4t = 1 for the values of K¢ given in Table 2
(You can either use the enclosed Simulink file (twoTanks.mdl)), or the step
command in Matlab. Example:

Listing 1: Matlab code for step response

Kcl = ...
tau = ...
zeta = ...
s=tf(’s”’)
Gel = Kcl/(tau"2xs+2xtauxzetaxs—+1);
step (Gel)

Note that the system never becomes unstable, no matter what values K¢
takes. Why is that?
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2. In reality, the system nay become unstable for large K¢, because of e.g. additional
measurement dynamics or time delays. Assume that the temperature measurement
has additional first order dynamics, with a time constant 73 = 0.3 min.

(a) Draw the corresponding block diagram.
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(b) In Simulink, simulate the time response for controller gain values of Ko =
0,1,2,20,50,200 kW/K. In the simulink file twoTanks.mdl you need to
modify the measurement transfer function from 1 to ﬁ, and you need to
modify the controller gain.
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3 Block diagrams

Consider the closed loop system, Figure 2, which can be described by the following

equations in the time domain:

dz
5OE+z(t) = 2u(t)

y(t) = =z(t-5)
du
TIE = Y~y

Write the correct transfer functions into the blocks in Figure 2.

ys(s) %6(8) u(s) z(s)

Figure 2: Fill in the correct transfer functions
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(c) Use the simulations to find out at which value of K¢ the system becomes
unstable.
Tried owndl o We %p,* fvxs-lu}\ml;‘znj /Pn' e = l775 or |76
FTTR est — I o £ ABORAGR ko= 176
i “H‘MMH u‘\ \H HM T 2"((”\“\rvr;|“\‘\j H!M "" m M\’M"'ﬁ
™ ” H \‘H“H “‘ " M H | MH\‘M ‘H w | u ‘H‘ ‘ H ‘ Il \““u‘\ ‘M“H‘H‘ i \‘\
4 It It \“ (MDA R M ‘\‘ s\“w\wu\
W‘ | WM ¢ H I TRRRRRATAIMAM
1.2
i ‘H \“MH\‘ A il
Shi ”H‘H i HM e \” W ‘r‘y il | AR
eRiil \HWH\ RO =< A IR ‘HH IR = H\‘ il
(R MH\» AP il O = A H
e “ H H H“ | ‘H ‘h‘ ‘ \ ‘\\ M\ os “MHM “ H M ‘ | H W“ o ‘\‘M‘\“““\‘\‘ HM i
.4 | 04 xmsss |
ol | | ‘M | \\ ‘\“\\‘\MM Il ‘ ‘\‘ ‘J h‘ H““,‘J‘ ‘M\ ” “n‘” M\ \H“‘ M u“— M‘H\“J”“”‘ il ‘J \H\J M“h I
UJ\‘\‘““UUH‘JMH | ' | MJ“‘\‘M‘/‘ x\‘“l“‘\‘ T ‘ l “\ Jmll‘\
Tim‘:[(:nin] o =0 o 50 mo Tirf:eﬁ[omin] 200 250 0 ° 50 0 Tim‘:[nmin] 0 0 o0

X (5)



W& 901( JVl/UL &o”owlwﬂ HU(‘,L. A[o\ymw!

Ys(s) %e(s)

|

u(sz

¢S

] 90 +1

~5s




