E xercice 4

1 Time domain and Laplace domain

The following Laplace transforms are typical for process engineering applications.

1. Write the analytic expression for the time response y = f(t) for the following

signals. .
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Hint: for Fg you could use partial fraction decomposition.
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2. The Laplace transforms above may be considered as the signals y(s) coming from a
transfer function which takes an input u(s), transforms it, and provides an output
y(s), as shown in Figure 1.

y(s) = G(s)u(s). (7
How do the transfer functions G(s) corresponding to Fi(s),..., F(s) look like, if:

(a) the input u(s) is a unit step (u(s) = 1/s)? (If with an input u(s) = 1/s we
obtain an output F;(s), which is the transfer function G;(s)?, fori =1,..., 6)

(b) the input u(s) is a unit impulse at time ¢ = 0 (u(s) =1)?

u(s) y(s)

G —

Figure 1: Transfer function block
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3. Plot the responses y1 = fi(t),y2 = f2(t),...,y6 = fe(t) (using Matlab/Simulink
or alternatively by hand) for 11 = 1,70 = 0.5,71 = 0.2

e In Matlab, you can use the command impulse. Information about the usage
can be found by typing doc impulse in the Matlab workspace.
e Example: Fi(s) =1
>> s = tf(’s’)
> F = 1/s
>> impulse (F)

S ‘ il s = tf('s")
Ftb 2 taul = 1;
3 tau2 = 0.5;
1 ——— 4 T1 = 0.2;
\ F 5
, 6
osl- / L 4 7 F1 = 1/s;
‘ 8 impulse(F1)
9 hold on;
r 10
RS \ A 11 F2 = 1/(taulxs + 1);
12 impulse(F2)
8 13
S 04l /. ‘:- - 14 F3 = 1/(sx(taulkxs + 1));
5 / 5 15 impulse(F3);
g 16
NE 17 F4 = (Tlxs + 1)/(taulxs + 1);
02 1 18 impulse(F4);
19
20 F5 = 1/((taulxs + 1)x(tau2xs + 1));
0 L T ——— 21 impulse(F5);
22
23 F6 = 1/((taulxs + 1)x(tau2xs + 1)x*s);
i | 24 impulse(F6);
’ 25
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2 Second order system (Part I — Open loop)
Two tanks are connected in series, as shown in Figure 2. The temperature T} is varying,
but we would like to keep the exit temperature of the second tank 7> at a constant value TO

using a proportional controller. In this process, the temperature in the second tank is
the measured variable, and the heat applied to the first tank is the manipulated variable

(input).

The volume of the first tank is V; = 100¢ and for the second tank is V5 = 600¢ We
assume perfect level control and perfect mixing. At the nominal operating point the
feed flow is ¢ = 20¢/min, and the inlet temperature is Ty = 60°C. The specific heat
capacity of the liquid can be assumed to be C, = 4200 J/kgK, and the density of the
liquid p = 1000kg/m?.

‘We are going to apply the following procedure:

1. Model the process
2. Linearize the model (deviation variables)

. Laplace transform to obtain a transfer function

B~ W

. Algebraic operations in the Laplace domain

5. Draw the block diagram

In this exercise, we assume that the temperature loop is not closed (open loop).

1. Formulate the energy balances for the tank system and derive the two differential
equations for the temperatures 77 and T5.
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Figure 2: Two connected tanks
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2. Linearize the model and write it in the state-space form:

%:Az-kBu-{-Ed (8)

where z = [AT;, ATy)7, d = ATy and u = AQ. A, B and E are constant matrices
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3. Take the Laplace transform of the linearized differential equation of the first tank
to show that the transfer function from Tp(s) and Q(s) to Ti(s) is
T1(s) = 91(s) (To(s) + kQQ(s)) 9)
where
s) = L 10)
9(s) = 7. (
What is the value of 7 and Kq?
Note that we usually drop the A symbol when we are working in the Laplace domain
(transfer functions). Nonetheless, all variables are given as deviation from the
linearization point. For example, L{ATy(t)} = To(s).
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4. Algebraic operations:

e Show that
Ti(s) = g2(s)T1(s) (11)

Where
1

= — 12
T8+ 1 (12)

92(s)

e Find the overall transfer functions hi(s) and ha(s), such that (still without
control)
Ta(s) = ha(s)To(s) + ha(s)Q(s)- (13)
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5. Using the transfer functions gi(s), g2(s) and kg, draw the block diagram of the
process.

To

l T.(ﬁ) I T;(S)
y j.(5)= TS+) 31(9’ Yol [T

o

i}

\ i N
‘(4 SV| tv




