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Formulas and theory that may be useful: Power Electronic Inverter
Bipolar switching:

il ] A
Ventrl = (5 + —2%d> Viri (5)

if Veptrl > Virg tl A, B) = (1,0) else (A, B) =
Production of Magnetic Field: l(Ovl)ml Viri then { ¥ = (0] s | )

Induction motors:
120fse

Synchronous speed: ngyne = [rpm]

fse = stator frequency [Hz]

Magnetic p = number of poles
~ T axis
+ n — N
Slip: s = b (1 H
i Nsync

Ny = Mmotor speed

Thevenin circuit for the stator side (R;: stator re-
sistance, X1: reactance, X;: mutual reactance):

Rry  jXrn  jXs

Flux density in air gap produced by a concen-

trated stator winding with Ny turns with current R
i 22
Vru ] 5
N
B= uo—sz; po=4r-107"H/m (1)
21, o
o ' X
Balanced Three Phase Circuits: Vry = R —i—j]X;\fl- iR ph (6)
JXu(Ry + jX1) .
. ZrH = - - = Rrg + 71X 7
T TH T 4 1%+ 3% m rr +jXtH (7)
. Induced torque:
Van 5 ZL T d - 3%‘/7213[
_ = ma T 2
1:5" O V,,,J,r N Wsyne [(RTH + %) + (XrH + X2)2]
_ ¢ A b (8)
ey ,
Slip at pullout torque:
R
= = == S'Tmaa: = 2 (9)
Van + Vim + Ven = 0 (2) VB + (Xrn + Xa)?
B B _ Maximum torque:
Ia + Ib +1.=0 (3) 3V12H
Tmaz —
_ _ . 2Wsync (RTH o \/R%H + (XrH + X2)2)
VoL = \/§V;>h.é30 (4) (10)
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Problem 1: Phasors and Space vectors [30%]

Stator
Air gap
&

(b)
Figure 1: Motor construction a) ”cut” perpendicular to the shaft-axis; b) cross-section seen from one
side.

Fig. 1 shows the cross section of a stator with a rotor electrically open-circuited. This stator is of
a three-phase, 2-pole ac machine with Ny, = 90 turns for each phase winding, with air-gap length
l, = 1.5 [mm] and draws a total electrical power of 10 [kW] at a power factor of 0.85. The phase-a
current is i,(t) = 30 cos(wt) [A], where w is the angular frequency in [rad/s]. The voltages are applied
to the stator phases in a positive sequence resulting in counterclockwise rotation of the magnetic field.

a) [10%] Calculate the rms value Vzz, of the line to line voltage applied to this stator.
b) [6.6%] Which one of the phasor diagrams shown in Fig. 2 is correct? Explain your answer.

c) [6.7%] Calculate the net flux density Biet produced by the stator at instant ¢ such that wt =
120°.

d) [6.7%] Which one of the space vector diagrams shown in Fig. 3 is correct?

Ve Vb Ve Vb

Figure 2: Phasor diagrams.
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Figure 3: Space vector diagrams.

Problem 2: Power Electronic Inverter [30%)]

A switch-mode dc-dc converter shown in Fig. 4 with V; = 400 V is controlled using a bipolar
switching mode, comparing a control signal, ve, with a triangular signal vg;(t) plotted in Fig. 5.
A DC motor is connected to the de-de converter and has the following parameters: R, = 0.30 Q and
L, =5 mH.

vii(t) [V]
1
dc motor 0 A 5 /\
N ) O T entrl Vi
J o | R, 0.6 +
N o + 1047
‘ NG ) Fa 0.2+
b= = .
” N 0 : - : - : >
0 0.2 0.4 0.6 0.8 1 1.2

¢ [s] 104

Figure 4: Two poles de-dc converter and DC motor _ ) )
Figure 5: Triangular shaped carrier waveform

In a given steady state with constant motor speed, (the speed ripples are neglected), the back emf of
the motor is £, = 40 V and the control signal is vgpsy = 0.7 V.

a) [6.7%] Calculate the pole gain k4 for pole A of the dc-dc converter. Deduce the average voltage
VgN -
b) [6.6%] Calculate the average voltage Upy and deduce the average output voltage v = TN —TpN -
c) [3.3%)] Calculate the average output current i,.
d) [10%] Calculate the peak-peak ripple Azg ripple Of the output current.
)

e) [3.4%)] What is the frequency fout of the output voltage?
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Problem 3: Modeling of IM machines [40%)]

A 460-V, four-pole, 75-hp, 60-Hz Y-connected, three-phase induction motor develops its full-load
induced torque at 3.5 percent slip when operating at 60 Hz and 460 V. The per-phase circuit model

impedances of the motor are:
Ry = 0.58 £ Ry = 0.07 & Xy =18 Q;

X1 =0.32 € Xo =0.386
Mechanical, core and stray losses may be neglected in this problem, i.e. Tind = Tioad-

a) [10%] Calculate the full-load torque Tipqq4 and the rated motor velocity m, in [rpm].

b) [16.7%] Calculate the maximum torque Tmae in Nm as well as the corresponding slip s,
and motor velocity nr,,,, in rpm.

c) [6.6%)] Calculate the starting torque Ts¢ar¢ in Nm and the corresponding slip Sstart-

d) [6.7%] With the help of Fig. 6, determine to which Nema class (A, C or D) this motor belongs
and which design its rotor slot has (1, 2 or 3). Also link each rotor slot (1,2 or 3) with its
corresponding Nema class (A, C or D). Explain your answer by considering low and high slip,
rotor leakage reactance and variable rotor resistance.
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Figure 6: Torque-Speed Curves for Different Rotor Designs



