
 
Comment: It may seem a bit strange that qc has no effect. This will be the case if the boiling fluid which is used 
for cooling is only partially evaporated. Then increasing qc will not increase the amount which is evaporated 
(and thus not change Q); it will just lead to more to more excess liquid in the cold outstream. In practice, an 
increase in qc may increase the U-value for heat transfer, but this neglected.  



 

 



Problem 3 (15%).  

 

Solution: 

(a) u = z,  
y = T,  
d=(F1, T2),  
y2 = (T1, T3, F2).  
 
Note that d is independent if u, whereas y2 depends on u. We may use y2 for cascade 
control and d for feedforward control. 
 

(b) Cascade: (i) Flow slave controller based on y2=F2. Helps for pressure disturbances and 
linearizes valve. 
(ii) Temperature slave controller based on T1 or T3. T1 seems best since it is closer to T. 
Helps because of delay for T. 
 
Feedforward:  
(i) Ratio control from F1 to F2 (as a setpoint to the flow controller for F2).  

 
(BUT: This ratio control is probably not a good idea. It may help to keep T1 constant, 
but what we want to keep constant is T. From the energy balance, the cooling of the 
tank is given by Q=F1*cp1*(T-T1) , so to keep Q (and thus T) constant we want T1 to 
increase when F1 increases, so T1 should not remain constant for this disturbance.  
 

(ii) Feedforward control from T2 to z (seems a bit difficult).  

 

 

 



 
Comments on cascade. 1) Design of c1: Will also get full score if use T2 =approx. exp(-
0.25s)/(0.25s+1). But note that the measurement g2m is not in the direct path from, y2s to y2. 

2) The simulations (you can try!) for the cascade show OK responses, but there are some potential 
problems. First, the inner “slave” loop should not be tuned so tight that it may cause instability, so 
one should probably select tauc2 larger than theta2=0.25 to get better robustness. Second, I 
normally recommend a factor of at least 5 between tauc for the slave and master loops (to avoid 
interactions between the slave and the master loops), and here we only have a factor 2. So, also 
tauc1 should be larger in practice. Maybe tauc2=0.5 and tauc1=2 would work well, but then there 
will be little or no benefit compared to structure 1 with no cascade (which has tauc1=1.5).  



 

  



Problem 5  
Solution.   

Yes, the system is stable since it satisfied the Bode stability criterion: For closed-loop stability the 
Loop gain |L| must be less than 1 (it is about 0.32 in this case) at the frequency w180 where the 
phase shift around the loop (in L) is -180 degrees. 

At frequency w180: GM=1/0.32 = 3.12,  

At frequency wc: PM = -133 + 180 = 47 degrees = 0.82 rad 

Wc = 0.73 rad/s, DM = PM/wc = 0.82/0.73 = 1.12 s 
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