Exam 3 Review
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Exam 3 coverage
m AC power (single phase)
m Transformers
m Three-phase circuit analysis

m Thee-phase power

m Synchronous machines



AC power

m Previously we addressed the guestion of power
delivered to a load impedance Z.

Load

m Given the phasors V. and | .. we found the
complex power Sis given

S=V_.I;

'ms" rms
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The power triangle

Power triangle ideouckin

identical to the
impedance of the

Complex Power load Z. 1z X
S=P+ Q= Vrms rms
2 Vrms \6
= IrmSZ Z* R

Apparent Power (VA)
S Q
S=|S =Vl ims =4/ P* + Q7 Reactive Power (VAR)

N\ Q=Im(S)=Ssind =12.X
P
Real Power (watts) Power factor

P= Re(S) Scoso = | erSR pf = g =cos(6, - 6,)



Conservation of AC power

m The total complex power S supplied by the

source equals the total complex power delivered
to the N loads.

" S Vrms 'ms S]._I_S T +S

This is also true for average power (P) and reactive
power (Q), but not for apparent power (S).

RBoa =R+E+--+HF
Qtotal :Q1+Q2+"'+QN



Power factor correction
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P =S coso, P =S, coso,
Q, =S sng, =Ptanf, Q,=S,9nf, =Ptand,

Qe =Q, —Q, = P(tan6, — tand,)



Shunt capacitor

m The value of the required shunt capacitance is
given by

- Q. _ P(tanf, —tand,)
WV 2 WV 2

'ms 'ms




|deal transformers
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Multiple transformers

m Using reflected impedance, collapse the circuit
from right to left.




Balanced three-phase voltages

m The voltages induced in the windings are equal
IN magnitude but out of phase by 120°.

m The voltages V_, V,,, and V, are between lines
a, b and c and the neutral line n.

These are called phase voltages.
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Three-phase loads

m Three-phase loads can be either wye-connected
or delta-connected.
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Y-connected load A-connected load
m Delta-wye transformation

Z,=3Z, or Z, :%ZA
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Balanced Y-Y connection

m In Y-Y connection line and phase currents are
the same (I, = 1), but line voltages are

V, =/3V,£30°




Single-phase equivalent

m In analyzing a balanced Y-Y system, it is
sufficient to examine just one of the phases and
apply the results to the other two phases (with
appropriate phase delays).
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Line voltages (Y-A)

m For the Y-A system, the relation between phase
and line currents at the load is

— VAB

|\ = I
AB e
ZA

|, =~/3 g2 —30°




Single-phase equivalent (Y-A)

m In analyzing a balanced Y-A, we can transform
the load to form an equivalent Y-Y system.

7
7, =4
Y3

m Then a single phase can be examined to
determine the phase current.
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Three-phase complex power

m The complex power per phase (S;p) IS
Sip=Rp+Qp=Vslp
therefore the total complex (Syp) Is

Sip =35 =3Vplp

m In terms of the line voltages and currents,

S, =vaV 1, £0



AC synchronous machines

m Per-phase equivalent TR
iXs s +
E, = Lj'g“’e £6 V. | LOAD




Motor speed (multiple poles)

m The relation between rotor angular velocity (@)
and that of the induced voltage (w,) Is given by

P
(Vg :Ea)m

m Converting to electrical frequency (f.) in hertz
and motor speed in RPM, we have

ane:E(Nmz—ﬂj — Nmzlzgfe [rpm]

2 60



Per phase equivalent circuit
m The per phase equivalent can thus be drawn

Vas

I 4

+ Ea+ Xl

p * -

:rslas

terminal voltage stator winding excitation or synchronous
(line-to-neutral) resistance generated voltage reactance

m This circuit would constitute one phase of a
three-phase source (either Y or A connected).



Per phase equivalent circuit

m This circuit would constitute one phase of a
three-phase source (either Y or A connected).

Y -connected source A-connected source



