
Exam concerning the Basic Engineering course - Padova, April 29th
2014
PhD Student (full name) Marco Gottardo.
1 How will be fuelled a fusion power plant and which is the function of the main components of the fuel cycle system?
in ITER will be developed a powerful fuel injection systems ten times more powerful than those found in any current machine for thermonuclear fusion. 

The injection cycle of the fuel gas will be complemented by a system of injection of pellets of tritium and deuterium at cryogenic temperature and high speed so that it can overcome the first impact with the ionized gas, and move to the center of it. 

To this end it is necessary to reach a speed of injection of about 3600 miles per hour. 

The use of about one gram of pellet D-T allows to control more efficiently the plasma density and the ELM. 

The reactor is fed continuosly in a closed cycle, and then inside of the reaction chamber there is always about one gram of a fuel whose parts which have not reacted or who do not complete the cycle will be collected by diverters along with other products of the operation of the machine.
2 Description of the ITER divertor: from requirements to the main design choices, highlighting technological challenges and open problems for next fusion reactors.
Iter divertor had a lot of changes of design so I try to describe just the last one because is the more probably going for realization.

It will sure have 3 main place, a buffler realized of tungsten, a umbrella dome realized also of tungsten and the CFC strike point where the lines confluent over the pump channel. These part is dotate also of two reflector plates.

The different material for divertor in choosen by differnt termal stress and tritium retention needed for the continuos and shot by collected  particle from plasma but not more usefull for the nuclear reaction.

The inner and outer vertical targets, very close to the buffle, assembled  in their lower part, intercept the magnetic field lines. They remove the heat load coming from plasma via conduction, convection and radiation.
The umbrella assembled below the separatrix, baffles neutrals and particularly helium.
The particle reflector have the main function of protect the stainless steel support structures and also can help the configuration of the magnetic fields.

Tungsten part is chosen for they low sputter yield thanks to high Z.

Fundamental for the machine function is the divertor cooling system bicose the system can be shouted by 5MW/m2 on the buffle region, 10 MW/m2 on the strike point region, and also 5 Mw/m2 on the dome region. But these  total can be more during beyond design basis accident.

On the future machine will be employed a Hight temperature advanced materials like ODS, RAFM  and silicon and carbon fiber composite. 

3 Calculate the magnetic expansion pressure p (in MPa) acting on the internal side of a (long) cylindrical coil, when the coil produces a magnetic induction field B = 8 T.
Calculate also the tensile stress ( (MPa) on the conductor in the case that the coil radius is r = 1 m and the thickness of the coil conductor is a = 0.2 m (the contribution of the coil insulation can be disregarded).

In the case of short pulse,
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The force equilibrium is given by
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Using only the part (Bmax)2/2uo we obtain the preassure 25,4 Mpa

4 Describe the operation of switching inverters and in particular of the H-bridge topology. Demonstrate how to calculate the average output voltage of the H-bridge, as a function of the duty cycle. 
The switching convert have these features:

· high power ratings
· relatively high bandwidth
· intrinsically four quadrant
but there is some disadvantages

· higher cost/power rating than  line commutated converter 
To describe the operation of the H-bridge we look at this simple configuration that I produced for educational matters in my book "dummytronics" though it may not be used for the powers involved in nuclear power plants. The concepts of operation are the same.
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Let's change the destination of the system by eliminating the engine and applying a generic inductive load. (coils)
Then we eliminate the LEDs that indicate the direction of rotation of the motor’s shaft.
The remain basic schematic is:
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we must now add the freewheeling diodes for voltage spikes generated by the interruption of the inductive load for the purpose of protection of the switching elements. 
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IGBT will be in real systems but here are small darlighton.
The unipolar voltage supplied by the generator is converted by this typical bipolar configuration.
Suppose a bipolar supply voltage between + E and-E.
Generate a microprocessor with the waveform amplitude modulated rectangular, on two outputs Q0.0 and Q0.1. These is called PWM.
The PWM transfers to load the average voltage during the period calculated on the duty cycle, delta. The period is kept constant.
If we generate a PWM controlled by modulating the amplitude of the triangular un'anda (always with constant period T) can modulate a sine wave of desired width to the inductive load.
We define the duty cycle as the ratio between the top of the rectangular and the whole period. this will be dimensionless.
We demonstrate the functionality numerically. Let's try with the values ​​we have to return a known result. Consider, for example, that the average of a sine wave must be zero.
So, We applied the formula:

V = Vmed = (2 d(t) - 1) E
Also we define a D.C. (delta)  of 50%

Define Ton= 5ms

And     Ts= 10ms  (for the periode)

The ratio is  Ton/Ts = 0,5   dimensionless.

Now we impose E=10V

The formula give:
V=Vmed = 2 deltat)

So  (2 delta -1) * E   =   (2 * 0,5  - 1) * E

..so   (1-1) * 10  = 0       the medium value of a sinus is zero, like we wont to demonstrate.

Changing values we can reconstruct all the sinusoidal wave.

To demonstrate the apply formulas, and find the average Voltage, we need to calculate the integral (multiply by the constant 1/T)  of  the output  voltage.

The output voltage is   Vo = (Vi – delta)

At the end we can say the average output is depend of the duty cycle and to input voltage signal.

On more complicated formulas we can write the invers of period like a product factor of a different of two integral.

First calculated from 0 to delt*T   and the seconf from delta*T to T.

We can obtain  2 delta E – E =  (2 delta -1) E 

[image: image7.png]



And also in true these:
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5.
Find the transfer function T of the system below clarifying how it is derived. Find then the sensitivity STG2 of the system to parameter variations of G2 
[image: image9]
At the subtractor branch we define the  signal D
D = Y(s)H(s)

After the subtracting node the signal is
R(s) + D   =>    R(s) - Y(S)H(s)

These is the input of the forwarded block, so, at is output we have:

G2 [R(s) – Y(s)H(s)]

So after some pass we have the tranfert function    Y(s) = G2 / (1+G2H)

About the sensibility we can find

Sens= H/2*(1 +G2H) 1/2 

6.
Describe the effects of added bits in conversion in the signal to noise ratio. What is the improvement in the Signal To Noise ratio due to quantization when passing from 14 to 16 conversion bits for a given Analog to Digital device?  

Adding a bit in a ADC normaly improve the SNR of about 6 decibel so for two bits we must multiply for two.

And the final result is 12 decibel.
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