Figure 1: ACME jacketed surge tank
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In order to simulate the nonlinear system, the dee block of Simulink should be used. In
Figure 1 the Simulink model and settings of DEE block have been shown. Note that we
assume that the system is initially at steady state. Therefore the values of input variables
should also be set as the steady state values except for Fj, which will change from 9 to 9.9
for positive change and to 8.1 for negative change.

800 [\ untitled *
File Edit View Simulation Fomat Tools Help

Scope

17

Bl Difierential Equation
3 Exlitor

v

Stepl |.
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To Workspace

OO0 untitled /DEE
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Name: Differential Equation\n Editor
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A/pifx(1 “2"u1)—k“ Vaart(x(1))) 1
12$p|!x 1}“35‘ ( uEE)—x? }}(-r( 40
mapmwcp u(4))
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Number of states = 2 Total =2
Output Equations, f(x,u):
x(1)
y= x(2)
k*u(3)"sqrt(x(1)}
kc*u(4)
[ Help | [PRebuild| [ Undo | [ Done |

Status: READY

FIGURE 1. Simulink model of nonlinear system

In order to model the linearized system, one can use the DEE block, but there is block
called ”state space” which can be found under ”continuous” in the library browser. The
Simulink model and settings of state space block are shown in Figures 2-4.

Note that if you choose to use DEE block to simulate the linear system, the initial values
and steady state values of input variables should be set as zero (as the linearized equations
are in terms of deviation variables).



E

K

State-Gpace To Workspace

Stepa
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State-space model:
dx/dt = Ax + Bu
y=Cx + Du
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FIGURE 3. State space block settings



Output a step.

Parameters

Step time:

ol

Initial value:
0

Final value:
19+0.1

Sample time:
0

™ Interpret vector parameters as 1-D

# Enable zero-crossing detection

E—Ol(—a [Cancel ) C Help )/

FIGURE 4. Step block settings for linearized system



Figures 5-8 illustrate the simulation results for parts a-d.
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FIGURE 6. +1% change in Fj,



+10% change n P, Nonlinear model

 _ _+10% change in P, Linearized model
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FIGURE 8. +1% change in P,

If you have a close look at the figures, the linearized model does surprisingly well for
both the small and larger step changes to the inputs. (This is not always the case). As
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expected, the deviation between the linear and nonlinear models changes based on the step
size and direction. You should expect that the linear model will differ more for larger steps.
Also, you can see that the difference between the models is exhibited in both steady-state
gains and in the transient responses.



