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Permitted examination support material: A / All support material is allowed 
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 Phone: 91371669 

 

Technical support during examination: Orakel support services 

 Phone: 73 59 16 00 

 

 

OTHER INFORMATION 

 
You may answer in Norwegian or English. 

 

Make your own assumptions: If a question is unclear/vague, make your own assumptions and specify them in your answer. 

Only contact academic contact in case of errors or insufficiencies in the question set. 

 

Saving: Answers written in Inspera Assessment are automatically saved every 15 seconds. If you are working in another 

program remember to save your answer regularly. 

 

Cheating/Plagiarism: The exam is an individual, independent work. Examination aids are permitted, but make sure you follow 

any instructions regarding citations. During the exam it is not permitted to communicate with others about the exam questions, 

or distribute drafts for solutions. Such communication is regarded as cheating. All submitted answers will be subject to 

plagiarism control. Read more about cheating and plagiarism here. 

 

Notifications: If there is a need to send a message to the candidates during the exam (e.g. if there is an error in the question 

set), this will be done by sending a notification in Inspera. A dialogue box will appear. You can re-read the notification by 

clicking the bell icon in the top right-hand corner of the screen. All candidates will also receive an SMS to ensure that nobody 

misses out on important information. Please keep your phone available during the exam. 

 

ABOUT SUBMISSION 

 

File upload: All files must be uploaded before the examination time expires. 30 minutes are added to the examination time to 

manage the sketches/calculations/files. (The additional time is included in the remaining examination time shown in the top left-

hand corner.) 

How to digitize your sketches/calculations  

How to create PDF documents 

Remove personal information from the file(s) you want to upload 

NB! You are responsible to ensure that you upload the correct file(s) for all questions. Check the file(s) you have uploaded by 

clicking “Download” when viewing the question. All files can be removed or replaced as long as the test is open. 

 

The additional 30 minutes are reserved for submission. If you experience technical problems during upload/submission, you 

must contact technical support before the examination time expires. If you can’t get through immediately, hold the line until you 

get an answer. 

 

Your answer will be submitted automatically when the examination time expires and the test closes, if you have 

answered at least one question. This will happen even if you do not click “Submit and return to dashboard” on the last page of 

the question set. You can reopen and edit your answer as long as the test is open. If no questions are answered by the time the 

examination time expires, your answer will not be submitted. 

 

Withdrawing from the exam: If you become ill, or wish to submit a blank test/withdraw from the exam for another reason, go 

to the menu in the top right-hand corner and click “Submit blank”. This cannot be undone, even if the test is still open. 

 

Accessing your answer post-submission: You will find your answer in Archive when the examination time has expired. 
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Problem 1 (25%) 

 

Consider a well-mixed tank where a hot fluid (q) is cooled as shown in the figure below. The 

cooling fluid (qc) is a boiling liquid, so the temperature 𝑇𝑐 on the cold side can be assumed 

constant through the heat exchanger. The heat transfer (a negative number) to the hot side is 

then  

𝑄 = 𝑈𝐴(𝑇𝑐 − 𝑇). 

All the dynamics in the system are assumed to be related to the liquid mass m on the hot side.  

Data: 𝑐𝑝 = 4.2 kJ/(K kg), 𝑚 = 5000 kg (constant), 𝑞 = 10 kg/s (nominal), 𝑞𝑐 = 1 kg/s (nominal), 

𝑇𝑖𝑛 = 50°C (nominal), 𝑇𝑐 = 10°C (nominal), 𝑈𝐴 = 42 kW/K (constant). 

(a) (7%) Derive the energy balance for the system. 

(b) (3%) Find the steady-state nominal value for T. 

(c) (15%) Linearize the model and derive the four transfer functions given below: 

𝑇(𝑠) = 𝑔1(𝑠)𝑇𝑖𝑛(𝑠) + 𝑔2(𝑠)𝑇𝑐(𝑠) + 𝑔3(𝑠)𝑞(𝑠) + 𝑔4(𝑠)𝑞𝑐(𝑠) 

 (Note that one or more of these transfer functions may be zero) 
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Problem 2 (25%)  

 

 

Consider a process with two well-mixed tanks in series, as shown in the figure above. All the 

dynamics in the system are assumed to be related to the liquid masses in the two tanks.  

Data: 𝑉1 = 1 m3, 𝑉2 = 4 m3, 𝑞 = 0.2 m3/s (all assumed constant). 

(a) (5%) The dynamics are given by 𝑇2 = 𝑔2(𝑠)𝑇1, 𝑇1 = 𝑔1(𝑠)𝑇0 (in deviation variables). 

What are the transfer functions 𝑔1 and 𝑔2? (Comment: This is a simple system so you 

can write directly the transfer functions without showing the details of starting from the 

energy balances of the two tanks) 

To understand the temperature dynamics, we consider disturbances in the inlet temperature 

𝑇0. Give an analytical expression (in deviation variables) for 𝑇0(𝑡), 𝑇1(𝑡) and 𝑇2(𝑡), and plot 

(sketch) them on the same figure for the following two cases: 

(b) (10%) 𝑇0 is a step change of magnitude 1 (Figure a) 

(c) (10%) 𝑇0 = sin(0.2𝑡) (persistent sinusoid) (Figure b) 

 The time axis for the figures should be from 0 to 50s. 
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Problem 3 (15%) 

 

 

We use a circulating liquid that exchanges heat with cooling water (manipulate valve position 

𝑧) to control the temperature 𝑇 in a well-mixed tank (CSTR) where an exothermic reaction is 

taking place. The figure shows the existing control structure. However, this structure is not 

working well. One reason for the problems is that the measurement of 𝑇 has some delay, and 

there are also problems with dynamics in the heat exchanger and nonlinearity. Five additional 

measurements that may be used to improve control are shown on the figure. 

(a) (5%) Classify the variables (𝑇, 𝑇1, 𝑇2, 𝑇3 , 𝐹1, 𝐹2, 𝑧) as inputs (𝑢), primary outputs (𝑦), 

measured secondary outputs (𝑦2) and measured disturbances (𝑑).  

(b) (10%) Suggest three possible improvements to the original control structure, with at 

least one cascade loop and one feedforward controller. Comment on why the 

improvements will be helpful. 
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Problem 4 (25%)  

We consider the following process: 

𝑦2(𝑠) =
3𝑢(𝑠)

2𝑠 + 1
 

𝑦1(𝑠) =
𝑦2(𝑠) + 2𝑑(𝑠)

8𝑠 + 1
 

The measurement dynamics (for 𝑦1, 𝑦2 and 𝑑) are all first-order with time constant 0.5: 
1

0.5𝑠+1
. 

The objective is to use 𝑢 to control 𝑦1 at the setpoint 𝑦1𝑠. We consider three alternative control 

structures (subscript 𝑚 denotes measurement): 

Control structure 1: Feedback only, 𝑢 = 𝑐(𝑠)(𝑦1𝑠 − 𝑦1𝑚), where 𝑐(𝑠) is a PI controller. 

Control structure 2: Cascade control. 

Slave loop: 𝑢 =  𝑐2(𝑠) (𝑦2𝑠 − 𝑦2𝑚), where 𝑐2(𝑠)  is a PI-controller. 

Master loop: 𝑦2𝑠 = 𝑐1(𝑠) (𝑦1𝑠 − 𝑦1𝑚) where 𝑐1(𝑠) is a PI controller. 

 

Control structure 3: Feedforward control, 𝑢 = 𝑐𝐹𝐹(𝑠)𝑑𝑚. 

(a) (12%) Make block diagrams for the process and of the of the three structures. 

(b) (10%) Suggest settings for the four controllers (don’t forget to include the measurement 

dynamics when tuning the controllers). 

(c) (3%) Which structure would you choose and why? Would you suggest using a PID 

controller instead of a PI for any of the three feedback controllers? 
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Problem 5 (10 %)  

 

The frequency response of a loop transfer function 𝐿(𝑠) = 𝑔(𝑠)𝑐(𝑠)𝑔𝑚(𝑠) is shown in the Bode 

diagram below. 

(a) (2%) Formulate the Bode stability condition. Is the system stable? 

(b) (8%) What is the gain margin, phase margin (show on the figure) and what is the 

allowed extra time delay in the loop to remain stable? 

 

Comment: You may write on this paper and use it as your solution. 
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