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Objectives
I. Single Phase Power

*Power concepts:
v’ instantaneous power,
v’ average power, (real power); P (W)
v’ reactive power, (imaginary power); Q (VAR)
v' complex power, S=P+jQ= ISIL 0 (VA)
v’ apparent power = S| (VA)
v’ power factor angle=6
v Power factor= cos (6)

e Power Triangle:
v’ Relationships among power concepts.

II. Three-Phase Power



Given R ‘|5 L
|

In a constant frequency ac system v(t) /l/
v(t) = V_cos(ot+0,)

i(t) = 1 cos(ot+0,)

Root Mean Square (RMS) voltage of sinusoid (V):

T
1
— | v(t)?dt =
QT‘!

rms

Vin
V2
As such, v(t) is expressed in terms of the Root RMS value as follows:

v(t) = V2 V...cos(ot+0)
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Instantaneous power:

Given

p@@) = v(2)i(2)

v(it) = V. cos(er+8,)
i(t) = 1, cos(cx+6;)

Note:cosacos B = %[ces(a—ﬁ)+ cos(e+ )]
p(t) = v(1)i(t)
=[V,, cos(at +6))][I,, cos(at +6)
(lots of trigonometry)

= \% cos(8,-0)) + Vm2| -cos(0,~0;) cos 2t
—\%sin(ev—éi)sin 20t

Rewrite

p(t) =P+ Pcos2at —Qsin2at
where

P= V—mzl "cos(6, - 6)

Q= =sin(d, - 0)

_ Vm[m

-1

m

Vm
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Instantaneous power, rewritten:

p(t) =P + Pcos2wt —Qsin2 wt

Vinl
where P = mzm cos( 6, —0;)
and Q = %sin(@v — 6;)
Definitions:

Power Factor Angle= 6 =6, — 6,
Power Factor, PF= cos6

P is the average (or real) power and has the unit Watt [W]

1 to+T
Pz?L p(t)dt

Q is the reactive power and has the unit Volt-Ampere-Reactive [VAR]

Complex Power (Definition)

S=P+jQ =526

O ELECTRICAL ENGINEERING



e For a resistor in the presence of an AC source, Note

voltage and current are in-phase! plr) = viz) 12)
v(it) = V_ cos(ex+6,)
cos(fd, — &) = cos(0°) =1; sin(6, —6)=0 ity = I, cos(cxt+6,)
V1 V1 \VAN
P = ”‘chos(HV—Hi)z ’“Zm; Q= ’“stm(ev—@i):o

 For an inductor the current lags the voltage by 90°:
cos(6, — 6.) = cos(90°) = 0; sin(@, —6.) =sin(90°) =1

V.1 (/% V, |
P= mzmcos(ﬁv—ei):o; Q= mzmsm(ev—ﬁi): =

 For a capacitor, the current leads voltage by 90°:
cos(f, — &) = cos(—90°) = 0; sin(6, — 6. ) =sin(-90°) = -1
Vm Im

VI /%
P = mzmcos(é’v—ei):o; Q= mzmsm(@V—Hi):—
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Complex Power

S=P+jQ =520
S=VI«

Note the apparent power S is the
magnitude of the complex power
where S=VIin VA

As such

P = S cosO

Q =SsinB =5,/1—pf?

Some utilities charge for the
Apparent Power:
|S|=VIin VA

The "Power Triangle"

Apparent power (S)
measured in VA Reactive power IEID]
measured in VA

Impedance
phase angle

Real power (P)
measured in Watts
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Power Consumption in Devices

Resistors only consume real power
2

P >0 Consume

Resistor

PResistor = ‘IResistor

Inductors only consume reactive power

2
X XEFwl

=1
QInductor Inductor Qhguctor >0 Consume

Capacitors only generate reactive power

1
QCapacitor - ICapacitor XC XC - oC
2
VC it
Q . = apactior Qcapacitor <O Generate
Capacitor X

C
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THREE-PHASE CIRCUITS

Three Phase Circuits

Three Phase Connections

Source/Load Delta-Y connections

Power Relationships



THREE PHASE CIRCUITS

Instantaneous Phase Voltages
Vo (1) =V COS(@1)(V )

Vo (1) =V, cos(wt —120°)(V)

V. (t) =V, cos(wt —240°)(V)



\V£-240 @/

e

\_ V/£-120

®+\

b

@ VZ£0 VWye Connected
n

Source




Delta Source

el Vab = |Vab| £0

Source
B V.= V,, £ -120
V., = V,, £-240




Wye — Wye System




Delta — Delta System




Delta — Wye System




V/£-240

A
. |aA IAB/ \CA
(~) v
_ Z Z
n
V/-120 Isc
b







(b)

V, =3 |V, | = Line Voltage

Vab =Van —Vpn
IV, | £0°=|V, | £ —120°
=V, | (1 (cos120 - jsin120))
1 .43
=V |, -V, || -1
Vi, - p|(2 sz
=/3|V, | £30°

Vi =+/3|V, | £-90°
Ve, =~3|V, | £-210°



INSTANTANEOUS POWER

Balanced 3—Phase Voltages Balanced 3—Phase Currents
Van () =V, cos(wt) (V) iq(t) = I, cos(wt — 0)

Vpn(t) =V, cos(wt — 120°) (V) ip(t) =1, cos(wt — 60 — 120°)
Ven (t) =V, cos(wt — 240°) (V) i.(t) =L, cos(wt — 0 — 240°)

Instantaneous power
p(t) - van(t)ia(t) + vbn(t)ib (t) + vcn(t)ic(t)

Three-Phase Balanced Instantaneous Power

Vinl
p(t) =3 mszOSH W)

p(t) = ?VLIL cos 8 (W)



AY 4
Transformations

R R,

_ RgRy + RyR. + R.R,

1
Ry,
R Ry + RyR. + R R,
2 j—
R,
_ RgRy + RyR, + R R,
Y-—A

Note: In the 3-Phase Balanced case, the above expressions are simplified as

R1=R2=R3 &Ra=Rb=Rc
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