ENTRANCE EXAM
FRIDAY 19 JANUARY 2018


1. The turbine of a turbocharger exchanges work with:
a) the exhaust gases
b) the inlet air
c) the piston
d) the intercooler
e) the brakes

2. The thermodynamic parameters on which the supercharging operates is:
a) the air specific heat
b) the air viscosity
c) the fuel density
d) the stoichiometric Air-to-Fuel ratio
e) the air density

3. The onset of surge in a compressor fixes the following operating limit:
a) minimum flow rate
b) minimum pressure ratio
c) maximum power
d) maximum efficiency
e) minimum rotational speed


4. Compression-ignition engines show a trade-off between NOx and particulate matter (or soot) emissions. Please select the correct statement:
a) Increasing fuel injection pressure increases soot formation and reduces NOx production
b) Increasing EGR rate and retarding the Start of Injection increases NOx production but limits soot formation
c) Low pressure EGR reduces both soot formation and NOx production 
d) Decreasing EGR rate and anticipating the Start of Injection increases NOx production but limits soot formation
e) Increasing EGR rate and retarding the Start of Injection reduces NOx production but soot formation is enhanced

5. Please choose the correct design solutions to increase in-cylinder turbulence levels at Firing Top Dead Center:
a) Design large-section straight intake ports with a reduced inclination relative to the valve axis to increase tumble formation during the intake stroke, especially in spark-ignited engines
b) Design small-section intake ports with a relevant inclination relative to the valve axis to increase tumble formation during the compression stroke, both in spark-ignited and compression-ignited engines
c) Design small-section intake ports with a relevant inclination relative to the valve axis to increase tumble formation during the intake stroke in spark-ignited engines
d) Increase the squish area and decrease the squish height in both spark-ignited and compression-ignited engines
e) Increase the squish area and decrease the squish height in spark-ignited while decrease the squish area and increase the squish height and compression-ignited engines

6. Consider a simple ideal Rankine cycle with fixed boiler and condenser pressures. If the cycle is modified with reheating,

a. the turbine work output will decrease.
b. the amount of heat rejected will decrease.
c. the pump work input will decrease.
d. the moisture content at turbine exit will decrease.
e. the amount of heat input will decrease.


7. After the first law of thermodynamics the variation in energy of a system during a transformation is equal to:
a) zero
b) minus the amount of energy that the system receives from its environment
c) the system mean temperature variation times its thermal capacitance
d) the system entropy increase
e) the amount of energy that the system receives from its environment

8. The Carnot Cycle
a) is composed by three processes
b) is irreversible
c) is composed by two adiabatic reversible processes and two isochoric reversible processes
d) is composed by two adiabatic reversible processes and two isothermal reversible processes
e) is characterized by 100% efficiency

9. Which of the following statements about the boundary layer is correct
a) Boundary layers are always laminar
b) A boundary layer is observed also in potential flow solutions
c) In a boundary layer the pressure gradient in the direction of the freestream is always zero
d) The boundary layer thickness is of the same order of magnitude as its length
e) Within a boundary layer, flow is always rotational 

10. What is meant by the term "mixed convection"?
a) Convection phenomena where turbulent mixing also occurs
b) Heat transfer phenomena where forced convection is negligible
c) A heat transfer mode where free and forced convection effects are comparable
d) Heat transfer phenomena where natural convection is negligible
e) A specific flow configuration where mixing occurs

11. The first principle of thermodynamics 
a) holds true only for closed system 
b) holds true for isolated, closed systems 
c) is valid for closed systems in thermo-dynamic equilibrium  
d) is valid for all systems
e) is a statement about the direction of spontaneous processes

12. Pressure forces
a) arise only close to a solid wall 
b) are  always perpendicular to the surface they act on 
c) can be perpendicular to the surface they act on
d) are never  perpendicular to the surface they act on 
e) are always tangential to the surface they act on 

13. In an internal combustion engine
a) chemical energy released by the burned fuel is larger then the sum of the mechanical and  thermal energy produced by the engine 
b) mechanical energy produced is about 70% of the chemical energy released by the burned fuel
c) mechanical energy produced is about 30% of the chemical energy released by the burned fuel
d) thermal energy produced is negligible 
e) there is room for substantial improvement of the thermal efficiency


14. In the International System of Quantities, the coherent unit for pressure is:
a) bar
b) N
c) Pa
d) Kg/m^2
e) N/mm^2

15. In the International System of Quantities, the basic units for length, mass and time are:
a) m; kg; s
b) m; N; s
c) cm; kg; s
d) m; g; s
e) cm; g; s

16. The standard atmospheric pressure, or standard atmosphere, corresponds to:
a) 1 Pa
b) 101325 Pa
c) 760 cmHg
d) 10 bar
e) 1 PSI

17. Which is the typical range of air-fuel ratio employed in Spark Ignition (SI) 4-stroke engines at full load ?
a) 0.8-1.2
b) 10-16
c) 10-100
d) 5-10
e) 20-24
18. Indicate the typical compression ratio of a current automobile Compression Ignition (CI) engine?
a) 10
b) 17
c) 50
d) 60
e) It depends on operating conditions (engine speed, boost pressure…)
19.  Definition of brake mean effective pressure:
a) (Brake torque)/(engine displacement)
b) Average in-cylinder pressure during the cycle
c) (Brake work made during the cycle)/ (engine displacement)
d) (Integral of the in-cylinder pressure-volume curve during the whole cycle) / (cylinder displacement)
e) Average in-cylinder pressure during the combustion phase


20. In a single-degree-of-freedom linear oscillator, when a harmonic force applied to the mass is transmitted through the spring and the viscous damper to the base structure, damping becomes detrimental when the ratio of the force frequency to the natural frequency is greater than
A.	0.25
B.	0.5
C.	1
D.	[image: ]
E.	2


[image: epi]



21. With reference to the gear train of figure, z1, z2, z3 are the number of teeth of gears 1, 2, 3, respectively. Which is the correct formulation for the ratio between the angular velocity of carrier member 4 and gear 3?

A.	[image: https://lh3.googleusercontent.com/Zv0DBoHCn1r1aJVIzCjBs0Q3iYQ0yF-0uUEjNWr_7ld1qBEQBcablGorFXs4sbPQpIr0Sy7rbfdjihOgR6pFwZTqjOVqWEm8jleV0YaB8ctWzUx1mLXVu2Wa94LRGl55DlAH8qGszrv5DztvMQ]
B.	[image: https://lh6.googleusercontent.com/OqGqerTrI9NEU3ms2GvgI3CHG97w-bcDufMJS0vMft4E3letdipb5N40vNUZ5RmZFhjgIOI0HOJ4aZ4zMLTckzi-tva1WhZFy3ecPRwxQCUFTUVaJWUz9yWwimTDpLke-Effr3PVhojZ0K8kHw]
C.	[image: https://lh6.googleusercontent.com/cJeb50Y-l-bWsgW7WESTB1h6yqJQN0OPL8m9IEXqHZTsZp8TPJfkERb_e9c3QnGWMPWqWAaMUoQ5leoDn0itCARqulreR1IvomO3y3qvuDJvau-q3xdmRD9JYcqxB4D71WyrqOanDnPbfl2QDQ]
D.	[image: https://lh3.googleusercontent.com/qMFVLVRPY3H2wy135fq0JbCiJTn0UufT06RMzFU3LNySHyovK-LoZfjCW1tfvdD0Ji9m01Y43RyHb0Yuc2QJDqaKMbFjpN9n49UsMXtRmeE8xYXSig2B5GA8GU4NZdeLeTjkbCJ22sguDYV-Pg]
E.	[image: https://lh4.googleusercontent.com/TTZbnd6kDU8nEwIXMxXHTpCAVHXXDmGoQzQHBrWvbLr1a-qEpFyUSPHHk1m4cn4Y34M1se3k3M2bqTIc9wwHDZcbodIC6o-otfE0Zg-sSW7lk_KAWV_K2xu1dk1nKVCh6h6rIuDP_D7KF8vWmQ]


[bookmark: _Hlk489022038]22. Which is the order of magnitude of the friction coefficient in hydrodynamic bearings?
a) 	1
b) 	10-1
c) 	10-2
d) 	10-3
e) 	10-4

23. The centrifugal inertial loading acting on the crankshaft of an internal combustion engine can be considered:
a) always a static loading
b) always a dynamic (fatigue) loading
c) a dynamic (fatigue) loading only for high speed engines
d) a static loading only for high speed engines
e) a dynamic (fatigue) loading only for engines with a high value of gas pressure
24. For a steel component, is it possible to register a maximum equivalent stress equal to -137 MPa?
a) Yes, since an equivalent stress is always negative
b) Yes, since an equivalent stress can be positive, negative or null
c) No, since an equivalent stress is always positive
d) No, since an equivalent stress is always greater than the Young modulus of the material
e) Yes, since an equivalent stress is always smaller than the Young modulus of the material

25. The following Figures (a) and (b) depict two different bendings of a gudgeon pin for automotive applications.

[image: https://lh6.googleusercontent.com/CB4Hi-mgClJFkO-qG6HGCbYE_d5KbgLSgjrma5-7egSX1rGj3qXWGSxkqAKr1ValaszPs3nvPnRDXgY6Ie37zhs6p24rk8w2dHFDqteF1cveiIY0jMW7wBYcGL-Wq0-OqZn0hJjdZ0YtBjt1xg]
In particular:

a. bending (a) corresponds to top dead centre during combustion phase, while bending (b) corresponds to bottom dead centre.
b. bending (a) corresponds to bottom dead centre, while bending (b) corresponds to top dead centre during combustion phase.
c. bending (a) corresponds to top dead centre at the beginning of the induction stroke, while bending (b) corresponds to top dead centre during combustion phase.
d. bending (a) corresponds to top dead centre during combustion phase, while bending (b) corresponds to top dead centre at the beginning of the induction stroke.
e. bending (a) corresponds to top dead centre at the beginning of the induction stroke, while bending (b) corresponds to bottom dead centre.

26. With reference to the points A, B and C in the Figure:
a) points A and C represent critical points for the bolt while point B is not critical.
b) points A and B represent critical points for the bolt while point C is not critical.
c) points B and C represent critical points for the bolt while point A is not critical.
d) points A, B anc C represent critical points for the bolt.
e) points A, B anc C are not critical points for the bolt.
[image: Vite]


27. With respect to the projection method shown in the following image, indicate which option is correct:
[image: ]
a) First Angle Projection method
b) Third Angle Projection method
c) American (U.S.) Projection method
d) The reference arrow method
e) No projection, only section view

28. Designation M20 x L3 – P1,5 – LH stands for:
a) A screw with a nominal diameter of 20 mm and a double start
b) A screw with a nominal diameter of 3 mm and a screw length of 20 mm
c) A Right-Hand thread
d) A trapezoidal thread
e) A GAS thread

29. Given the following bearings (a,b,c),	
[image: https://lh6.googleusercontent.com/OSyWthxmnd9cpRvcbu-tuKqkekgSRaHvavCGJCYVfxj0U16O2rnsEzZpHfxz4-ZDNVcNcNwACcfTiv4qZBo025s0TJY380SVpuzpNnoJnw8WV9pxPHat5wtAsaM9p8kYxyQahXiylAqs_42x_g]
A              B              C
a) (A) is a roller bearing
b) (B) is a swivel bearing 
c) (A) is best suited to operate at high speeds
d) (C) cannot withstand axial loads
e) (B) is a thrus bearing


30. Which is the exact meaning of the symbol here represented:
                                                             Ra1,6
                               5


a) roughness: 5 µm, machining allowance: 1,6 mm
b) roughness: 1,6 µm, machining allowance: 5 µm
c) roughness: 1,6 µm, machining allowance: 5 mm
d) roughness: 1,6 µm, flatness: 5 µm
e) roughness: 1,6 mm, machining allowance: 5 mm



31. Given the following tolerance fit, which of the following sentences is the right one?

[image: https://lh3.googleusercontent.com/wOn19E09MojOJxjFdVqeO0PP-RCSwIw1w1Q4lYJSCKFTAnki7ZIkm5FHsvG-SIP-fZrQGVAs2HTKByYGH5RiHLdYPXC-X5sGxMgbWt5OwLk8O95bE9Hxw76WG01tlg9CkHXYxC6Fh1gA3xj6Kw]

a) interference fit with max interference = 15 µm and min interference = 9 µm
b) transition fit with max clearance =15 µm and max interference = 9 µm
c) interference fit with max interference = 0 µm and min interference = 6 µm
d) clearance fit with max clearance = 15 µm and min clearance = 9 µm
e) transition fit with max clearance =9 µm and max interference = 15 µm


32. Which type of section is limited by a break line?
a) removed section 
b) revolved section 
c) broken-out section 
d) half section
e) offset section

 

33. The distribution of die pressure in open-die forging:
a) increases exponentially toward the center of the die, under sticking conditions
b) is uniform on the die surface, under sticking conditions
c) depends on the relative velocity V between the platens, in the case of hot forging 
d) depends on the instantaneous height of the part, in the case of hot forging
e) is constant during the process
34. In a drilling operation, the torque on the drill bit depends on:
a) the depth of cut
b) the square of feed
c) the square of the hole diameter 
d) the revolutions per minute of the drill bit
e) the square of feed, the square of the hole diameter and the revolutions per minute of the drill bit

35. In sheet metal shearing burr height may be excessive when:
a) the clearance between the punch and the die is too small
b) the speed of the punch is too high
c) corner radii of the punch and the die are too small
d) the clearance between the punch and the die is too big
e) corner radii of the punch and the die are too small and the clearance between the punch and the die is too big
36. Extrusion pressure as a function of the ram travel:
a) is generally lower in direct than in indirect extrusion, because indirect layout causes higher friction
b) is generally higher in direct than in indirect extrusion, and in the latter it is constant during most of the ram travel 
c) decreases continuously as a function of the ram travel in direct extrusion, because of the shift from sticking to sliding friction
d) is independent on the cross-sectional area of the billet
e) is generally higher in direct than in indirect extrusion, and in the latter it is constant during most of the ram travel. In direct extrusion, it decreases continuously as a function of the ram travel, because of the shift from sticking to sliding friction



37. A fork lift used in a production system:
a) moves materials from different pick-up and drop-off points
b) is an automatic equipment to lift materials for 2 different floors in a production system
c) is an automatic equipment to lift people for 2 different floors in a production system
d) is an automatic equipment to assembly product
e) Move people from different pick-up and drop-off points

38. What is the moving average method?
a) A system to move industrial product
b) A management tool for production control
c) A market forecasting method
d) The average computation of revenues
e) A particular method to evaluate the number of the required human workers

39. What is the main use of an Automatic Storage and Retrieval system (AS/RS)?
a) To assembly product, in particular “high volume” product
b) To stock product when there are a lot picking action to do
c) To move product from storage systems to assembly lines
d) The stock product when there aren’t picking action to do
e) To move product from assembly lines to storage systems 

40. The production organization defined “job shops” is:
a) A way to find jobs
b) The location in which you can find job
c) The productive organization that you can easily find in big companies
d) The productive organization that you can easily find in small companies
e) An innovative production organization



41. The Kirchoff law for voltages, written for a stationary electric circuit, says that in a closed loop network:
a) the algebraic sum of the products of the resistances and the currents in them in a closed loop is equal to the algebraic sum of the emf in that loop
b) the algebraic sum of the products of the resistances and the currents in them is lower than the algebraic sum of the emf in that loop
c) the algebraic sum of the products of the resistances and the currents in them is greater than the algebraic sum of the emf in that loop
d) the algebraic sum of the products of the resistances and the currents in them is always null
e) the algebraic sum of the emf is always null.

42. The Faraday-Neumann-Lenz law says that the time variation of a magnetic flux linkage with a circuit generates:
a) an electromotive force emf in the circuit, opposing to the flux variation
b) an equal and of opposite sign flux linked with the same circuit
c) a DC current on the circuit
d) a current in the circuit, only if the frequency of variation of the flux equals the current in frequency of the circuit
e) a current in the circuit only if there are generator in the said circuit

43. In a three-phase alternate current circuit section, operating in sinusoidal steady state conditions, being: V and I the RMS values of the line voltage and line current respectively, and cos(fi) the ratio between active and apparent power. The active power of the circuit section is:
a) P=sqrt(3)*V*I*cos(fi)
b) P=V*I*cos(fi)
c) P=V/sqrt(3)*I*cos(fi)
d) It is impossible to calculate the power if the frequency is unknown
e) P=V*I

44. In a single-phase alternate current circuit, operating in sinusoidal steady state conditions, being: V and I the RMS values of the voltage and current on the considered circuit section, and cos(fi) the ratio between active and apparent power. The active power in the circuit section is:
a) P=V*I*cos(fi)
b) P=sqrt(3)*V*I*cos(fi)
c) P=V/sqrt(3)*I*cos(fi)
d) It is impossible to calculate the power if the frequency is unknown
e) P=V*I

45. Consider a branch, constituted by only two elements connected in series: a resistance R and an inductance L, where current is zero. By closing a switch, a DC voltage V is suddenly applied to the said branch. The current flowing into the new circuit has the following behavior:
a) At first instant is zero. After closing the circuit is zero, then it increases following a first order transient and reaches the steady state value I=V/R.
b) At first instant is zero. After closing the circuit suddenly reaches the value I=V/R.
c) Remains zero because the circuit is supplied by DC voltage
d) Oscillates around zero with frequency w=1/(L/R)
e) At first instant is zero. After closing the circuit is zero, then it increases linearly with slope L/R and reaches the steady state value I=V/L.


46. If the Fourier transform F[x](f) of a waveform x(t) is such that F[x](f)=0 when f<-B and f>B for a certain B measured in Hz. The waveform is measured every T seconds to collect the samples x(kT) for k integer. We know that

a) the samples x(kT) contain less information with respect to the continuous time waveform x(t) and thus are not sufficient to reconstruct it
b) the samples x(kT) for k=-∞,…,+∞ are sufficient to reconstruct the original waveform x(t) for t∈]-∞,∞[ if and only if 2BT<1
c) the samples for k=-∞,…,+∞ are sufficient to reconstruct the original waveform x(t) for t∈]-∞,∞[ if and only if 2BT>1
d) the samples x(kT) for k=-10,…,+10 are sufficient to reconstruct the original waveform x(t)  for t∈]-10T,10T[ if and only if 2BT<1
e) the samples x(kT) for k=-10,…,+10 are sufficient to reconstruct the original waveform x(t)  for t∈]-10T,10T[ if and only if 2BT>1

47. An acquisition system outputs samples/s, each of them represented by a bit word. Samples are processed by a microcontroller and compressed without any loss of information to be transmitted through a serial channel capable of bit/s. Transmission cannot accumulate delays. The compression algorithm running in the microcontroller
a) must compress the data of a factor at least 4
b) can compress the data of a factor lower than 4
c) must compress each bit word into a bit word
d) can expand each bit word into a 1bit word
e) must re-encode every group of bit words into a single bit word

48. Let a and b be two digital n-bits words representing integer numbers. A digital adder computes s=a+b. We know that
a) the number of bits needed to represent s is at least 2n
b) if a and b represent positive numbers, then s can be represented with n-1 bits
c) if a and b represent negative numbers, then s can be represented with n-1 bits
d) if a represents a positive number and b represents a negative number, then s can be represented with n-2 bits
e) the number of bits needed to represent s is at most n+1

49. A microcontroller has 128Kbit (1Kbit=1024bit) of working memory. The program it runs must compute a vector-by-matrix product A⋅x in which A is an m×n matrix containing nonnegative integer values Aj,k∈{0,…,127}  for j=1,…,m and k=1,…n, while x is an n×1 vector of integers each encoded with 16 bits. Assuming that no other memory can be used to store A and b, we know that

a) we can cope with the case m=16 and n=1024 
b) we spare some memory if m=14 and n=1024
c) if n=512 then it must be m<32
d) we cannot cope with a square 128×128 matrix
e) we can avoid storing the vector x

50. Consider the following code fragment in which square brackets indicate indexing of arrays of any number of dimensions
for j=1,…,m
y[j]=0
for k=1,…,nz
		y[j]=y[j]+A[j,k]*x[knz[k]]
end for
end for

its purpose is to compute
a) the convolution A=x*y between two signals contained in the vectors x and y
b) the matrix-by-vector product y=A⋅x where x is an n×1 vector and A is an m×n matrix with n>nz and no zero entry
c) the matrix-by-vector product y=A⋅x where x is an n×1 vector and A is an m×n matrix with n>nz, for which it is known that only nz entries are non-zero in each row
d) the integral y=∫A(x)dx of the function A(x) sampled at nz regularly spaced points  
e) the solution of the differential equation y'(x)=A(x) sampled at nz regularly spaced time steps



51. “Methods Time Measurement” is a locution which in the industrial sector deals with:
a) Predetermined motion time system for machine work
b) Predetermined motion time system for manual vehicles
c) Predetermined motion time system for automated vehicle
d) Predetermined motion time system for human labor
e) Predetermined motion time system for programming

52. In order to increase the Unit Contribution Margin a company could:
a) Increase production capacity in order to increase production volume
b) Decrease unit selling price
c) Decrease unit variable cost 
d) Increase the fixed indirect costs 
e) All the other choices are true statements


53. The procedure in which tasks are assigned to the work stations of an assembly line within the cycle time to ensure the completion of the product, is
a) The assembly line balancing
b) The assembly line reverse logistic
c) The assembly line material handling
d) The assembly line feeding
e) The activity based costing of the assembly line

54. Billy Ltd at 31/12/2009 has a net income of Euro 30,000, an ROE of 5% and, considering the financial year 2009, pays taxes for 50,000 Euro and interests for 20,000 Euro on financial debts of 400,000 Euro. The ROI for Billy Ltd equals:
a) The data provided are not sufficient to compute the ROI
b) 3%
c) 10%
d) 5%
e) 7%

55. Project A has a net present value of 120 (discount rate: r = 0.10), while project B has a net present value of 380 (r = 0.12). in evaluating the entity AB, whose cash flows equal the sum of cash flow A and cash flaw B, the net present value of AB would be: 
a) 500,00
b) Is not possible to answer given that the discount rates are different
c) Equals (0.10+0.12)/2=0.11
d) 448,38
e) 600,87


56. The Thevenin Theorem allows:
a) any one-port network to be reduced to a single voltage source and a single impedance
b) any two-port network to be reduced to a one-port network
c) any two-port network to be reduced to an equivalent two-port network using a minimal amount of components
d) represent sinusoidal signals in an electric circuit by complex numbers
e) none of the above
57. The integral through time of the product of a voltage by a current is a quantity that can be expressed in
a) Watts
b) Newton meters
c) Calories per second
d) Hertz
e) None of the above
58. A current of 1 mA charges a 1 µF capacitor which initially holds a charge of 2 µC. The time needed to reach 10 V across the capacitor is:
a) 10 ms
b) the capacitor at the initial time is alreay charged at a voltage larger than 10 V
c) 8 ms
d) 8 µs
e) 10 s

59. The exclusive OR among two binary signals A and B
a) evaluates to one only if A and B have the same value
b) evaluates to zero only if A and B have the same value
c) evaluates to one if either A AND B or NOT A AND NOT B evaluates to one
d) evaluates to A if B is one
e) evaluates to B if A is one

60. In a weighted binary representation, odd numbers
a) have an odd number of ones
b) have their most significant digit set to one
c) [bookmark: _GoBack]differ from the immediately smaller even number by just one digit
d) always take palindrome forms
e) require a number of digits that is always smaller than the immediately larger even number


Open questions
Question 1
Why would one pursue a cylinder-deactivation strategy, i.e. deactivate some of the cylinders in certain part of the internal combustion engine map? Do you want to keep the valves open or closed for the deactivated cylinders, and why?  Are there other solutions/technologies that could provide benefits similar to the ones achievable via cylinder deactivation?

Question 2

List the most common materials for machining tools, by evidencing the properties, application specialties, wear mechanisms.
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