Sample: Topics in Power Electronics and Distributed Generion — Test 3 Points 50

Open book exam. You can make use of three pages of formults.shake reasonable assump-
tions where necessary. No clarifications to questions wilptovided during the test. Spend some
time thinking about the questions before you start answerinWrite the answers clearly and
legibly so that they can be graded.

1. A feeder with a DG is modelled as a RLC load to study unindeat islanding on d 1kV/,
50H = feeder as shown in the figure below. The DG is a three phaseesolat injects
sinusoidal current at unity power factor at the PCC. The pawected by the DG i§00kW
and the feeder equivalent circuit parameters &re: 23392, L = 0.7H, andC' = 15uF .
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Figure 1: Feeder model for islanding analysis.
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(a) Under normal conductions, while the feeder is operatongnected to the grids{ and
Sy closed), calculate the current phasgr,drawn from the grid? (3 points)

(b) The grid gets disconnected and the feeder is islanded Wwhes open andS; closed.
What is the islanded steady state load voltage,, and load frequency? (6 points)

2. A 6km overheadl1kV distribution feeder (ABC) has &m lateral branching at B to D.
Point A is the substation end and point Bifsm from A. The wire resistance 5652/ km
and loading on the line 80A/km at0.9pf lag. TheX/ R ratio of the line is0.8.
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Figure 2: Distribution feeder with lateral.



(a) Plot the line current profile of the feeder ABC and ABD. (2 point)

(b) If the substation voltage isl £V, what is the line to line voltage seen at the end of the
line at D? (3 points)

(c) At what point should the voltage be regulated to 1pu, éf lihe ABD should see the
minimum possible deviation from the nominal all along itsdéh? (3 points)

(d) What is the total power dissipation in the lines AB + BC + BBder full loading con-
ditions? (3 points)

(e) ADG is used toinjec240A at0.9pf lead into the line at point B on the feeder. What
is the new voltage at the end of the line at C? (2 point)

() What is the corresponding power dissipation in the liA&+ BC + BD when the DG
is operating as indicated in (e) above? (3 point)

3. A 5kVA 3-phase Active Front End (AFE) rectifier operateawds current at unity power
factor from a distorted grid with background harmonics. Tibeninal grid voltage is 400V
at 50Hz (The phase a voltage at the leg of the converter isgiye, (1) = V,csin(wt + ¢).

It is designed to be able operate at an arbitrary power fagtoifhe phase a current is
given byi,(t) = ];csm(wt). Switching frequency of the convertét,, = 40kHz, and

it uses sine triangle PWM with a DC bus voltagg. = 800V. The modulation index,
m = V;c/(O.E)Vdc). The conduction drop in the IGBT is modelledds = Vg + icRon(7),
and for the diode ak,;, = Vpo +iqRn(p). The switching loss for the IGBT measured under
reference conditionsA.r) and (,.s) from the data-sheet a€y y(ry and Eopp(ry @and can
be scaled using exponenkS, 1y, and Ky = 1. The corresponding reverse recovery loss
for the diode measured under reference conditidfis) and (,..;) from the data-sheet are

E,,py and can be scaled using exponektsp), andK;p) = 0.

(a) Obtain a closed form expression for conduction powes taer a fundamental period
in switchS;" and diodeD; , in terms ofm, ¢, I,., and relevant conduction drop param-
eters. (4 points)

(b) Obtain a closed form expression for switching power mss a fundamental period in
switch S;" and diodeD_, in terms ofFy,, I.., V4., and relevant switching loss param-
eters. (4 points)

(c) What is the modulation index, for the AFE rectifier operating at 5kW and UPF at the
grid terminals when the total filter inductance is is assutodak 0.1pu? (2 points)
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Figure 3: Three phase AFE rectifier feeding a 5kW load.

(d) Neglecting the filter capacitor current, what is the eabf ¢, for the AFE rectifier
operating at 5kW and UPF at the grid terminals, when the fdtat inductance is is
assumed to be 0.1pu? (2 points)

The IGBT and diode characteristics of the converterlgre= 0.9V, R,y = 0.28( for
the IGBT andVpy = 0.95V R,,py = 0.3Q for the anti-parallel diode. The data-sheet
parameters evaluated Bt.; = 600V andi,.; = 40A are: Eons1) = 2mJ, Eopp(s1) =
1.5mJ, E..p1y = 1mJ, k, = 0.5, andk; are as indicated above.

(e) Given the device parameter values, what is the total ptass in the semiconductors
for the three phase inverter operating as a UPF rectifierdbasdhe expressions ob-
tained in (a) and (b) above? (4 points)

(f) Select the resonant frequency, of the LCL filter shownim B, assuming that the con-
verter controller needs to compensate for background haicsaipto thel 31?2 (2
points)

(g) What is the minimum value of total inductance of the LCLefilif the grid current rip-
ple is to be kept at 0.1% and the switching frequency voltagebnics is 0.9pu? (3
points)

(h) What is the minimum value of total inductance if the rescpower to be drawn by the
filter should be less than 5%7? (2 points)

() If L. =10%, whatis the required LCL filter capacitance if the total fiireductance
chosen is mid way betwedh,,;, and L, .. ? (2 points)




