v(t) =V, cogut)

Z =R+ jX
=V R+ X? B+j£
2l |
=|Z|bg
COSC]ZB
Z

tang = % ; usethistodeterminghesign

| =V /Z = Ve = b
kg

i(t)=1,codut- g)



P(t) =i(t)v(t) Instantaneous and average power

=1V, COS(Wt)COS(Wt - C/) H0 " Instantaneous power
) | pr | pr ‘ 0.8 - iAY‘erage power
=2 rcosg+ =~ cod2ut- g 0
0.4

= Q.2 t |

=1V, (coqut)coqut - q)) g | ,
| V o o

= p2 ~Cosy 1 | imsVims COSY ‘ O 002 004 006 008 0l

~ ~ ~~ R = Time (s)
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R X1 A '
"O T s=VT*=[lpg
: oo ¥fsng L
Complex load “p 4 J\7Hr‘£
V =N[po » Z
[ = i v =F, +j r‘Z(XL - Xe)
VA R+ J(X Xc) P

~

A MH

- Zcosg+ jZsing Zbqg
| = mD - q
* real powerP_(unit: watts): power absorbed by the load resisgtanc
 reactive powef (unit: volt-amperes-reactive, VAR): exchange ofmgy between
the source and the reactive part of the lddd.net power is gained or lost during the
processQ=Q -Q., if Q<0, the load is capacitive, Q>0, the loathductive
» Apparent power: |S|=|\|l...4 (unit: volt-amperes, VA) computed by measuring the
rms load voltage and currents without regard forpthase angle.

Note: § = Pr+jQ-+j0L
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« Power factor is defined as a ratio betwegaRd |S].
5 e COJEL, dependent on the complex load.
 ideal power factor: cas=1, Z=R, pure resistive load

\ 4
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Resistive load Capacitive load Inductive load
Ohm's law VL = ZLTL VL = ZLTL VL = ZLiL
Complex
impedance ZL = RL ZL = RL —jXL ZL = RL +jXL
Note: S = P +jO -+ 0O
T Phase angle 0=0 6<0 0>0
(P(t)) :‘I H\/‘cosq Im mj Im |
I
P Complex 6=0 - ~
Cow —_ — a\L plane *_IF_E-_F ] ;) Vv ] Vv
‘ I ‘V ‘ SketCh Re Re 9 Re
I
— IDav — R
— - The current is in phase | The current “leads” | The current “lags”
‘S‘ ‘Z‘ Explanation with the voltage. the voltage. the voltage.
X Q Power factor Unity Leading, < 1 Lagging, < 1
tang =—=— . _ .
R P Reactive power | 0O Negative Positive
av
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% &#' S=VI*=P_ +jQ 40
( $ $ $

( ) * *
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—O— — T — $
B # 0 # o+ " # o+
—— |
Vs CE) \ ; - JXc # #, $ B

TO\ M + 01 2
e

Complex load

# 3 0 1, q
v,(t) =V, cogut) =V,D0 o

i(t):IPCOS(Vbt-q):'pD'q + $i # oo 6

2 ! N
I/

Irms: P . # / 5 O 1 + 01 2W
V2 5 0 1 + 01 w

V —VIO q

ms= /> g . # 3 505 95 0 1, q
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The power factor in this series circuit is lesaticeal.
Increasing the capacitance is found to improveptheer factor.
Is the impedance in the boxductiveor capacitive?

Answer: inductive



P(t)= P, |1+ cos2ut|+Qsin2ut

&
n
&
+1
- +
7 # 3P
/<<< #
# # + S # [<<< 1 +
# $



= $ 1
# # # 4
$/3< * # <<
v(t) =+/2” 120cosut =170cosut
11,1 _ 1 ]
Z R juwL 100 100
=Y —q7. 17
Z £
P(t) = v(t)i(t) =170cosut .72 codut - 45 ) 2
= 289coswt[coswt +sin wt] &
~, 17 , :
S=VIT=27170 L7+ jL17)
P, =1445W
Q =1445VAR

1 Q
=tan*— =45
q Pav

P(t) =144 51+ cos2ut] +1445sin2ut

350

300

250

200+

150+

100+

S0

. Oy

Instantaneous Power Flow

1 1 1
4 5 &
Frequency * Time, Radians

3
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; > 7+ @A/
O A CHH0
R JXr
— P

O

Complex load

$

~

V. =110V ; w=2p60(Hz) =377ad/sec

Z, =50+ j86.7=100D01.047W
I Vo 11D0 117D(- 1.047)(A)
Z 100D1.047

—~

S=V I, *=1170" 117D1.047
=684+ j1185(W)

v*

X = o 117 _
Q. -1185

C=-—t -1  _onqp
wX. 377 115

In theory, the power factor can be corrected toyuni
by putting a capacitor in series with the load.
However, it is found (ex. 7.9) that this configumat
will result in significant increase in the curreahd
thus increase the power required by the generator.



