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(1) (20%) A rotor reference frame voltage vector can be expressed in complex vector form
qu =V-e j30°
Vb, and v¢

If the angle of the rotor frame is & = 120°, find the three-phase voltage for this vector: va,

(2) (20%) A 4-pole, IPM-PMSM motor is driven by an external motor at a fix speed wo. The
two motor terminals? (expressed with motor parameters)

terminals of the motor are open. What is the peak line-line voltage between any of the
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(3) (20%) The power supply of a DC-AC PWM inverter is Vi. The triangle timer counts up
and down between 0 and 6000. If SPWM is used, and it is desired to output a voltage
vector of 0.2Vi £90° calculate timer signals Ta, Th, and Tc that will produce this
voltage?

comparator
Ta +
& +
A —i>_
b o <
A —i>_
Tc +
+X .—i>_
Yyvy
calculate To /V\/\
To timer

(4) (20%) Consider an idealized 3-phase 2-pole, 3-slot BLDC motor shown below. The motor
position shown in the figure is defined as 0°E. Answer the following questions.

(a) Draw the idealized flux linkage and back-EMF waveforms vs. & (°E) for all phases?
(b) If three Hall-effect sensors are used for commutation, denoted as Ha, Hb, and Hc,
where are the best locations (angles °M) for these sensors?
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(5) (20%) Following figure shows a three-phase DC-AC Inverter, input power source is Vi
and n is the neutral point. If switches S4, S6, and S5 are closed (turn on), what is the

motor phase voltage Van, Ven, Vcn = ?
S S S
7? 1 X 3 K 5 N
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Reference: (2% HER)

(a) Complex vector transformation:
s : 2 2 j120°
foo = fq—1fa=faoc=7\fa+ta-fy+a”-f} where a=e

Vi

(b) Three-phase and stationary dq frame conversion:

fas:qu
V3
— fas
ds fig = ——= fog ——— f
ds \/§ as \/§ bs

(c) Stationary dq frame and rotor dg frame conversion:
6
qud = el r fqrd

r -j6 s
fqd =e J0r fqd,

ell = cos(0) + jsin(9)

i _[cosO  —sino; fos
sind,  cos6, | 5. |

s
fgs

fa —-sing,

_{ cosé, sin@r} fos
fdrs cos Oy fdrs
(d) IPM-PMSM motor equations:

r _( L )l’ L r )

Vgs =\Is + Lgs Pgs + @rLgs * Ids + @ Am

r or
Vs = (15 + Lgs PJids — o Lgs - lgs

Rotor frame: { r
3P[, . . 3P d .
T, :Ef[ﬂm'as +(|_ds _ qu)(ES,és] T, ZEEP”‘IS cosﬂ+[ qs s j|52 sln(Zﬂ)}

For SPM-PMSM, qu = Lds = LS



