LS Sy
LS
1 - instantaneous power
2- Active power

3 — Reactive power

4 - Apparent power

5 — Complex power

6 — Power Triangle

- — Power Factor

8 - Power Factor Correction
9 - Examples



Instantaneous power

At any instant , the power is equal to the product of

voltages times current p=vi ( watts )
A
- 1 cycle -

Energy Energy Energy Energy
stored released stored released



Active power (p )

mean Is the average value of the instantaneous power,

The terms real power, active power, average power
Means same things

p = Vlcos

VI, V-
mim IzR — T (watts. \V)

P=Vl=




Reactive power ( Q)

This power happen if the load contains reactive
element L, C

W (volt-ampere reactive, VAR)

where 0 15 the phase angle between V and I



e Reactive power to the pure

inductor can be written as below

where 0 1s the phase angle between V and L.

For the inductor.

O =V

or. since V = IX; or I = V/X].

or

Or = I'X;

(VAR)

(VAR)

(VAR)



—The reactive power capacitor

can be written as below

Oc=71 | (VAR)

0c=IX: | (VAR)

Oc = X (VAR)




Apparent Power ( S )

If the load contains both resistance and reactance then
the product of voltage (v ) and current ( I ) represents

neither real power nor reactive power, it is called
apparent power

S = VI (volt-amperes. VA)
. V
Oor. since V=1Z and I = —
then S =1Z (VA)
2
- s=r (VA)
7




Q (resultant) = Q7 — Q¢ = FP(X; - Xo




Power triangle

P=PLE Q=000 Q= 0L

For an mduetive load, the phasor power S, as 1t s often called, 1 g

defined by o

Oc




\

THE TOTAL P Q, AND S

1. Find the real power and reactive power for each branch of the
cireuit,

2. The total real power of the system (Py) is then the sum of the
average power delrvered to each branch

3, The total reactive power () is the difference between the reactive
power of the inductive loads and that of the capacitive loads,

4, The total apparent power is Sy = Vi 4 05
3 The total power factor is Pr/Sr.




Example : for the circuit shown
“the total power ,the total reactive

power , apparent power,
draw power triangle

E = 100V A0 Y AR50




Solutions:

JE 100V 100V
T 604705150 100 2-53.15
= 10A £53.13°

Vp = (10A £53.13°)(6 ) £0°) = 60V £53.13°
V; = (10A £53.13°)(7 Q1 £90°) = 70V £143.13¢
Ve=(10A £53.13°)(15 Q £-90°) = 150V 2 —36.87°

Pr = Elcos 0 = (100 V)(10 A) cos 53.13° = 600 W
=I'R=(10A*(6 Q) = 600 W
Vi _ (60V)

Y =600 W




e

(100wg0A) 00
-I22; (10AY(100) = 1000 VA

2
'—=M-1000VA

Ir 100)
QT = ELsmf = (100 V)(10 A) st 53.13° = §00 VAR

o= 01
=PI~ %) = (10AF(150 - 70) = S00VAR



=300 VAR - 700 VAR = 800 VAR

LIy
™ oo adng ()

0r = 800 VAR (C)

ST = 1000 VA



Example: find complex power

V0V 10V

=—= = =2AL-531¥ R
Ir 30+j40 5Q/531% —MWy
* I 30
The real power (the term real being dermved from the positive real axs V =10/ 0° a0
of the complex plane) 15
P=FR=A’30)=12W °
and the reactive power 1s

0 =X = (A (40) = 16VAR (1)
wih  S=P+j0 =12W+j16VAR(L)=20VA £53.13°



\

Complex power and power triangle

§=VT = (101 L0704 L45313) = J0VA L5313




v S,

_ Example: find P, Q, S, Pf, It

Load 1

E = 100V £0°

Load | 2 Load| 3
o




e

/ |

Load I AR Vs

1 10 o 1
) )00 0 () V0 + (00 = 780
3 300 1500 (0 V00F + (1500 = 15971
.=l 0, =800 () 8= /(600) + (800) = 100

Total power disstpated ~~~ Resultant reactrve power of network

(Note that 37 # sum of

each branch:
1000 # 100 + 728 + 1529.71)




howw
T 06 leading (C) )

The power trangle 1 shown 1 Fig, 19,18
Stuce §7= 77= 1000VA, 1= 1000 VAL00V = 10 A:and since
of os = Fy st angl betien the mputvolge nd e

[= 104 L+83.1¥ iy = I0A

0= S00VAR(C)




e

power factor
Power Factor (P.F) Sl e
[T1s define as -
-cosine of phase angle.
J-The ratio of 2 3-The ratio of %

Inductive circuit has Lagging power factor
And capacitive circuits has Leading power factor



seEie

Example:- For the circuit shown Find P,Q,S,P.F?
Z =6+J(7-15)=6-J8

7=6"+8 =100 sa g V160
v 100 WA —
[=—=—0=10A
Z 10 V=100y

P=I*xR=10*x6=600 W _@_

Q=I*xX=10"x8=800W
$=VxI=10x100=1000 W

Po=m=0 06 (Lead)

S 1000




MABAN
Sy

_______________

L, =3-]4=515%

P =I'xR,=12°x3=432 W

Q =1} xX, =12* x4 =576 VAR

Z,=110-J4=0+J6=6.190°
60

IZ=?=10A

P,=0 ,Q,=I"X=10°x6=600 VAR (Inductive )

Example:-For the circuit Find Total P,Q,S,P.F?




Z,=9+]14-12=9+112 =1518% g:%:m

P =IyxRy =4'x9=14 W, Q=4 x12=192 VAR (nductive)
P-=P +P, +P, =430 +0+144=576 W
Qr=Q,+Q, +Q, =-576+600+192 =216 VAR

S=P +Q" =615W Pf=-=093Lag



power factor correction

The following equipment is generally used to improve or
correct the power — factor:

1 — synchronance motor when they are over — excited

2 — static capacitor

When p.f is Low the current required for given power is
very highand KV AlS also increased

KW KVA
KVA= —  |=— |
P.F Vv

| a KVA



The process of increasing the power - factor with out

altering the voltage and current of the original Load is

known as power - factor correction

Also cancelling some or all of the reactive component of
power by adding reactance of the opposite type to the
circuit, this is referred to as power —factor correction



Since most Loads are inductive as shown in fig- a

The p.f isimproved or correct by connecting acapacitor
in parallel with Load as shown in fig-b

Q!




Consider the power triangle in fig-

If the original inductive Load has

Apparent power 51

p=S§1 cosf, ,51=—

cost,

Q1=S1sin 6, =ptanf,




If we want to increase p.f from cos 8, to cosf, with out

altering the real power (p)

Q2 - Ptan92 - SzSinez ’ S2 = ’

cos6,

The reduction in the reactive power is caused by the
shunt capacitor that is

Qc=Q1-Q2=Ptan 6, -ptanb, ,




Example:

A Load consummed (4 kw ) at lagging p — factor
(0.8)

When connected to ( 120 v ), 60 Hz
Find the value of capacitor to raise p.f to(0.95)

Solution:

Cos@, =08 ,0, =cos 1(0.8) =37°,

o 4000
S1= cose, — 08 = 5000 VA

Q1 =S1sin@4 = 5000 sin 37 = 3000 VAR



When the p.f is raised to 0.95

Cosf, =095 ,0,=cos 1(0.95) =18.19°,

r 4000

= — =42105VA

h €056, 0.95

Q2 =52 sinf, = 4210.5 sin 18.19 = 1314.4 VAR

Qc=Q1-Q2=3000-1314.4 =1685.6 VAR

Q¢ 16856

C= WV2 260+ 1202

=310.5p f



Second method:

Q1 =P tan 6, =4000 * tan 37 = 4000 * 0.75 = 3000 VAR
Q2 = Ptan 6, = 4000 tan 18.19 = 4000 * 0.33 = 1320 VAR

Qc=Q1-Q2=3000~-1320=1630 VAR

Q¢ 16856

L= =
W2 2m+60+ 1202

= 310,50 f



e

Example:

The power factor of an industry drops below (0.85),

the power of the componentinit are as follow:
1-Lights pl1=12kw ,Q=0

2—-Furnance p2=54 kw , Q2=72KVAR

--------------------------------------------

3- motor Pm=80 kw at 0.8 lag.

a- Determine pt,Qt,
b-) the value of capacitorrequired to bring p .f to
0.85, c-)total current befor and after p.f correction




/

S = olution:

a)Pt=pl+p2+pm =12k + 54k + 80 k = 146 kw

Qm = p tan@,,, = 80 tan 37 = 60 KVAR
Qt=0+54k+60k =132 KVAR S=196.8KL42

b)- 8, = cos 1(0.85) =31.8°

Q2 = P tan 6, = 146k tan 31.8 = 90.5k VAR, S, =171.8 KL31.8
Qc=Q1-Q2=132 K-90.5 K=41.5 KVAR

V2 V2 6002 1 1
Qc = X—C,Xc 3 e 41_51{-8.671'2,c- WX zﬂrﬂ“_-306 nf

S 196.8K 5S> 171.8K
Iy=3 = =328A, I;=}=—

= 286A



~ EXAMPLE 19.6

a. A small industrial plant has a 10-kW heating load and a 20-kVA
mductive load due to a bank of mduction motors, The heating ele-

ments are considered purely resistive (F, = 1) and the mduction

motors have a laggmg power factor of 0.7, If the supply 15 1000 V at
60 Hz, determue the capacitive element required to raise the power

factor to (.95,
b. Compare the levels of current drawn from the supply.



A g e e At S g %,

Solutions:
a. For the induction motors.

S = VI=20kVA
P = Scosf = (20 X 10° VA)(0.7) = 14 X 10°' W
0 = cos 0.7 =145.6°
and
O; = VIsin 0 = (20 X 10° VA)(0.714) = 14.28 X 10° VAR (L)

The power triangle for the total system appears in Fig. 19.28.
Note the addition of real powers and the resulting St

St = V(24 kW)? + (1428 kVAR)? = 27.93 kVA

il I;=5T=2793kVA _ 55934

E 1000V

The desired power factor of 0.95 results 1n an angle between S
and P of

0 =cos 10.95 =18.19°



changing the power triangle to that of Fig. 19.29:
o7

with tan 6 = > O = Brtan 0 = (24 X 10° W)(tan 18.19°)

= (24 X 10° W)(0.329) = 7.9 kVAR (L)

Py

The inductive reactive power must therefore be reduced by
Or — 07 =1428kVAR (L) — 79kVAR (L) = 6.38kVAR (L)
Therefore. O = 6.38 kVAR. and using

_E
Oc=x
we obtain
1 2
x.=E - (03\? = 156.74 O
Oc 6.38 X 10° VAR
1
and C= = 16.93 pF

2afXe  (27)(60 Hz)(156.74 Q)



! u«-.,v ‘\r’y\-vf o u—».vv «u.v i
e B MR B WAL RS T S R, T W WY

— b. St= V@4kW) + [7.9 kVAR 7P

= 25.27 kVA
_ St _ 25.27KkVA _
Ir = 1000 V 25.27 A
The new It 1s
I- = 25827 A 7~ 27903 A (orioimal)

'+ =T79kVAR(L
O; = 1428 kVAR (L) 2 ©

PT e 24kW

P - 10kW. P-13kW
Hca;ing Induction motors FIG. 19.29
Power triangle for the load of Example 19.0

after raising the power factor to 0.93.

FIG. 19.28

Initial power triangle for the load of
Example 19.0.



example: for circuit shown

a. Determine P+ and QO;.

b. Determine what value of capacitance (in microfarads) is required to bring
the power factor up to 0.85.

c. Determine generator current before and after correction.

-+

sov@®

——----—----1

-

“
Lights Electric Furnace Motor loads
12kW 2.4 + j3.20 80 kW Om
0.8 F,, (lag) o

v, m

Plantiomtis P,, = 80 kW

~

(a) b) Power triangle for motor.



b. The power triangle for the plant is shown in Figure 17-21(a). However, we
must correct the power factor to 0.85. Thus we need 6’ = cos '(0.85) =
31.8° where 0’ is the power factor angle of the corrected load as indicated
in Figure 17-21(b). The maximum reactive power that we can tolerate is

thus Q7 = Py tan 8’ = 146 tan 31.8° = 90.5 kVAR.

Qr = 132 kVAR

(a) Power triangle for
the plant

Q'T = PT tan €'
=90.5 kVAR

(b) Power triangle after correction

FIGURE 17-21 [Initial and final power triangles. Note that P; does not change

when we correct the power factor.



Now consider Figure 17-22. Q7 = Q, + 132 kVAR, where Q;
90.5 kVAR. Therefore, Q- = —41.5 kVAR = 41.5 kVAR (cap.). But Q
V3/X.. Therefore, X, = V/Q, = (600)°/41.5 kVAR = 8.67 (). But X,
1/wC. Thus a capacitor of

= — = : = 306 uF
wX.  (27)(60)(8.67)

will provide the required correction.

P S J.’ l46|kw
600\/@,  T9¢! [132 kVAR
— | @7—> enpees= !

(ind.)

Plant

Correc;ed load

FIGURE 17-22



¢. For the original circuit Figure 17-21(a), Sy = 196.8 kVA. Thus,

St 196.8kVA
— — S 8
[ E v 328 A

For the corrected circuit 17-21(b), §; = 171.8 kVA and

_ 1718 kVA

: 600 V

=286 A

Thus, power factor correction has dropped the current by 42 A.



