1st Mid-Term VIRTUAL EXAM, SHIP DYNAMICS
 / MEC-E2004

Subjects tested: Ship Dynamics for Design, Sea Surface description and Equations of Motion 
Time: 11.04.22, 13:00-16:00 hrs (Room : 215 – K4, Otaniemi)
Answers in English only. The exam is open book. You may use the internet, computer programs, calculators, lecture notes and books. You may not use your mobile phone or engage on online chat communities.
NB: clear writing, short answers and use of the right terminology is required. Full marks will be given for your highest scores in 5/6 questions provided below. The mark you will get in the bonus question will count only if it is higher than any of the mark you get in any of the other questions. When you complete please return the answers in *.pdf format to spyros.hirdaris@aalto.fi. The response file should include your student number, name and email. It should be entitled Name_Surname_Student Number.pdf
Question 1: General Ship Dynamics and Ocean Waves
a. What are the key areas of the subject of ship dynamics in terms of design and operational monitoring, i.e. why is it needed? 1.5p
b. Why are full scale measurements and model tests needed in ship dynamics? Give three practical examples 0.5p
c. How waves can be classified in terms of their generation mechanism, regularity and intensity. 1p
d. What is the basic difference between the ISSC and ITTC spectrum? 0.5p 
e. The ISSC wave spectrum is defined as:
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For Tz = 7s and H1/3 = 2.6m the RAO of the bending moment of the ship is given by frequency and a corresponding RAO vector [ton2/m2]:
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Calculate the response spectrum. 1.0p
f. Define a freak wave. How a freak wave may be generated and how are freak waves accounted for in ship design development ? 0.5p
Question 2 : Controlling Ship Dynamics
a. Why are we interested to achieve hull motion reduction? Give practical examples with application in ship design and operations. 1p 
b. Explain the positive and negative features of 4 different systems that may be used for motion reduction. 1p
c. Explain the physics (sequence of events) on how the rudder of a single propeller ship produces the turning moment. When the ship turns what other motion components become active apart from yaw? 1p
d. Compare: (a) constant and controllable pitch propeller characteristics and their adequacy (b) the use of podded propulsion versus a traditional propeller solution. For each (a) and (b) present your results on a table with advantages and limitations. 2p
Question 3 : Short Term Ship Response

a. Why ship short-term response is evaluated from 0.5 to 3 hours and long-term response over 20 - 25 years? Give physical / design related and mathematical reasoning. 2p
b. Explain / sketch the wave formation mechanisms of wind-generated waves. What do we mean when we say that the sea state is fully developed? 1p
c. Explain the energy content of waves. How can you estimate the total energy using linear wave theory? 1p
d. Explain the basic difference between linear wave (Airy Wave) and nonlinear wave (Stokes Wave) theories 1p 

Question 4 : Equations of motion 
a. Name and sketch the ship rigid body degrees of freedom. 0.5p
b. What is the difference between Quasi Static Response, Dynamic Response and Resonance response. Explain the physical backgrounds. 1.5p

c. What is damping and how can we physically assess damping? Name 3 cases corresponding to damping induced response for a 1 dof system. Sketch the displacement versus time dynamic response curve for a 1 dof system for which ζ < 1.0. 3p
Question 5 : Cross-cutting Question

a. When ship dynamics are accounted for, the encounter frequency with the waves is used instead of the absolute wave frequency. Why is this the case ? 2p
b. Explain why the most significant degrees of freedom are those that have a restoring force associated with them. Give a practical example of this principle with reference to heave motion 1p
c. Define regular and irregular waves (include sketches and basic mathematical symbols in your explanation). 0.5p 
d. Define the mean wave elevation, variance, mean deviation for an irregular wave 0.5p
e. Explain the basic mathematical principle of Fast Fourier Transform and the procedure we should follow to translate results from the frequency to the time domain and vice versa 1p. 
Question 6 : Bonus Question (5p)
Discuss in 1 A4 page the key objective, methods and conclusions of the paper : 

Pekka Ruponen, Jerzy Matusiak, Janne Luukkonen and Mikko Ilus (2009). Experimental Study on the Behavior of a Swimming Pool Onboard a Large Passenger Ship, Marine Technology, Vol. 46, No. 1, January 2009, pp. 27–3
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